12 United States Patent

Wakamoto et al.

US008820106B2

US 8,820,106 B2
Sep. 2, 2014

(10) Patent No.:
45) Date of Patent:

(54) AIR CONDITIONING APPARATUS

(75) Inventors: Shinichi Wakamoto, Tokyo (IP); Koji
Yamashita, Tokyo (JP); Takashi
Okazaki, Tokyo (JP); Naoki Tanaka,
Tokyo (JP); Keisuke Hokazono, Tokyo
(JP); Hiroyuki Morimoto, Tokyo (JP);
Yuji Motomura, Tokyo (IP); Takeshi
Hatomura, Tokyo (JP); Tomohiko
Kasai, Tokyo (JP); Naofumi Takenaka,
Tokyo (JP); Yusuke Shimazu, Tokyo
(IP)

(73) Assignee: Mitsubishi Electric Corporation,

Tokyo (JP)

Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by 931 days.

12/990,391
Oct. 29, 2008

( *) Notice:

(21) Appl. No.:
(22) PCT Filed:

(86) PCT No.: PCT/JP2008/069596

§ 371 (c)(1),

(2), (4) Date:  Jan. 10, 2011

(87) PCT Pub. No.: 'WQ02009/133640

PCT Pub. Date: Nowv. 5, 2009
(65) Prior Publication Data

US 2011/0088421 Al Apr. 21, 2011
(30) Foreign Application Priority Data

Apr. 30,2008  (IP) eooreiiiie e, 2008-118526

(51) Int.Cl.
F25B 27/00
F25B 41/00

(2006.01)
(2006.01)

(Continued)

(52) U.S.CL
USPC ... 62/238.7; 62/196.1; 62/324.6; 62/527:

62/528; 62/513; 62/139; 62/160; 62/201;
62/504; 62/199; 62/200

(58) Field of Classification Search
CPC .......... F25B 43/00; F23B 41/00; F25B 27/00;
F25B 13/00

USPC ... 62/196.1, 324.6, 238.7, 527, 328, 513,
62/159, 160, 201, 504, 199, 200
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

11/1991 Nakamura et al.
(Continued)

5,063,752 A

FOREIGN PATENT DOCUMENTS

12/1993
(Continued)

OTHER PUBLICATIONS

EP 0575063

U.S. Appl. No. 13/266,182, filed Oct. 25, 2011, Wakamoto, et al.
(Continued)

Primary Examiner — Mohammad M Al
Assistant Examiner — Erik Mendoza-Wilkente

(74) Attorney, Agent, or  Firm — Oblon,
McClelland, Maier & Neustadt, L..L.P.

(57) ABSTRACT

A heat source-side refrigerant circuit A including a compres-
sor 11, an outdoor heat exchanger 13, a first refrigerant branch
portion 21 connected to the compressor 11, a second refrig-
erant branch portion 22 and a third refrigerant branch portion
23 connected to the outdoor heat exchanger 13, a first refrig-
erant flow rate control device 24 provided between branch
piping 40 and the second refrigerant branch portion 22, inter-
mediate heat exchangers 257z connected at one side thereof to
the first refrigerant branch portion 21 and the third refrigerant
branch portion 23 via three-way valves 267 and connected at
the other side thereot to the second refrigerant branch portion
22, and second refrigerant tlow rate control devices 27n pro-
vided between the respective intermediate heat exchangers
25n and the second refrigerant branch portion 22, and user-
side refrigerant circuits Bn having indoor heat exchangers
312 connected respectively to the intermediate heat exchang-
ers 25n are provided, and at least one of water and an anti-
freeze solution circulates 1n the user-side refrigerant circuits

Bn.

Spivak,

16 Claims, 30 Drawing Sheets




US 8,820,106 B2

Page 2
(51) Int.CL. TP 2001-289465  * 10/2001
F25B 29/00 (2006.01) JP 2002-106995 A 4/2002
| TP 2003 343936 12/2003
F25B 43/00 (2006.01) TP 2004-53069 A 2/2004
F25B 39/02 (2006.01) Jp 2004 60956 2/2004
FO02B 5/00 (2006.(1) JP 2005 140444 6/2005
TP 2005 282935 10/2005
. TP 2006 3079 1/2006
(56) References Cited TP 2007-147203 A 6/2007
TP 2007 183045 7/2007
U.S. PATENT DOCUMENTS
OTHER PUBLICATIONS

5,156,014 A
5,237,833 A
6,467,279 B1*
7,637,315 B2*
7,716,934 B2 *
2006/0254294 Al*
2009/0241575 Al*

10/1992

8/1993
10/2002
12/2009

5/2010
11/2006
10/2009

Nakamura et al.

Hayashida et al.

Backmanetal. ................. 62/79
Ichinoseetal. ............... 165/295
Ebara .....ccooovvviviiiinnininn, 62/113
Shimamoto et al. ......... 62/238.7
Jadricetal. .................. 62/259.1

FOREIGN PATENT DOCUMENTS

SRR

0887599
2 118372
5302737
8 201599
9-138030
2001 289465

12/1998
5/1990
11/1993
10/1996
5/1997
10/2001

U.S. Appl. No. 13/266,247, filed Oct. 26, 2011, Takenaka, et al.
fice Action 1ssued May 15, 2012, in China Patent Appli-
cation No. 200880128930.8 (with English Translation).

International Search Report 1ssued Jan. 6, 2009 in PCT/JP08/69596
filed Oct. 29, 2008.

Japanese O

Chinese O1

fice Action 1ssued Aug. 14, 2012 1n Patent Application

No. 2010-509996 wih English Translation.

Of

ice Action 1ssued on Apr. 2, 2013 1n the corresponding Chinese
Patent Application No. 200880128930.8 (with English Translation).
U.S. Appl. No. 12/990,568, filed Nov. 1, 2010, Wakamoto, et al.

Extended European Search Report dated Jun. 3, 2014 1n European

Patent Application No. 08874117.8.

* cited by examiner



U.S. Patent Sep. 2, 2014 Sheet 1 of 30 US 8,820,106 B2

FIG. 1

' ~N 7N

‘ m N L e ——
I % ] ﬂ'n‘" N
b L8[

] T

N -

ol




U.S. Patent Sep. 2, 2014 Sheet 2 of 30 US 8,820,106 B2

(G, .
PA
ty
O
=
[
-
v
[}
0 /
iy

o v

ENTHALPY [kJ/kg]



U.S. Patent Sep. 2, 2014 Sheet 3 of 30 US 8,820,106 B2

FIG. 4

283

B3
F1G. H
P A
C \ | b
Ci//;f//f B— *\\\ //?J

FE

oY /

E /

- x /

o

L ;

0 *

) _

[ a

ae

"

ENTHALPY [kJ/kg]



U.S. Patent Sep. 2, 2014 Sheet 4 of 30 US 8,820,106 B2

FITG., 6

12

- -

K $
1 A
b
|
1.

cd

Hﬁl 11
13
>

263
L - o
; 253
10
283
261 nQo 262
301
B1 | B3
312 302 B2 913 3083
FI1G., 7
P A
C D
e O—— Ty

<SSURE 'MPal
C}
1
|
!
E}J)<

FR
@
e

ENTHALPY | kJ/kg]



U.S. Patent Sep. 2, 2014 Sheet 5 of 30 US 8,820,106 B2

FI1G. &

RE (MPa]

n=r

PRESSU

ENTHATLPY [kJI/kQ) h



U.S. Patent Sep. 2, 2014 Sheet 6 of 30 US 8,820,106 B2

FIG. 10

/\/l
20 62

12 53

: } < [T
i N l ' l_."-al-s ‘

[ KNS
i \/ v

W > SJ ,f ... ]
l 11 || ‘ T
1 54i " | ' 24 / | \V/ 441 > 442 443

: f ' S [ , 2275:1//" :E}LSJ '__Ii\a __ESSI

301




U.S. Patent

Sep. 2, 2014 Sheet 7 of 30

1
5 53 /\/
: p2 23

)

\r

[

" Ii

g
i

US 8,820,106 B2

02 b

“._-".— t

'l- L"‘ L\-S

SN SIE a9

I (I .

1 2
o A
o(} [ \
:E \
1
3
- |
Y
)
]
N
&9 / O— ——
-~ d
Ay

ENTHALPY [kJ/kg)

il

N t

253




U.S. Patent

Sep. 2, 2014 Sheet 8 of 30

'y, 23

20

63
272 250

Y/

2.

US 8,820,106 B2

62

‘ls A~

il

o.,

f Px L

\7}

-}-'u';.!LI_L!Q ﬂ

T, I‘;Jg; |
: : :_I t263
!T1 Vi

S T
—

!
!
w

/: : 253
50 _
311 ! _I ]
283
2671 oD 267
301
B B3
312 3pz B2 $13 303
FIG. 14
P A
b

i . -0

\ /
s
e
=,
{2}
Y,
-,
U)
)
(] -
nd a
iy

] | )

ENTHALPY [kJ/kg]



U.S. Patent Sep. 2, 2014 Sheet 9 of 30 US 8,820,106 B2

FIG. 1595

L 20 62
12 Ll
\ > 56 l/\/ / 63
B . __ 61
41 272 21 ;

: 252
] 22 23 / -
’. ' E | - “D' _f A 2~

|
‘ I!

AT IR VAL SN

BT LY
4 |

L8 [( 185

|

Bl TR
+ 271 . : +
“‘!i\ 2871 ;l:ir: LA :l:l

I,
: r,.\_T/_/T1 (268
[ I | x l 293

L)

\ 283

!
!
|

._

SSURE MPa |

PR-

J VvV

ENTHALPY [kJ/kg]



U.S. Patent Sep. 2, 2014 Sheet 10 of 30 US 8,820,106 B2

Il- m'
,'_.(Clll(

ﬂ& — %7~ NI

T ~.pr
e —

.-u— l

\V/

I?:
i[?;

o 1

283

B3
F1G. 16
P A
C
e - "
s /
{3
- ¥ /
4 y, B
dp d{%)ﬁp i
o - O
a " "B a
=
h

ENTHALPY [kJ/kg]




U.S. Patent Sep. 2, 2014 Sheet 11 of 30 US 8,820,106 B2

o~ .
iu & 4§ : (-—-- :263
AT
| f u"ﬂ@}‘ﬂ' DL I

QC — &4
SoE i i
271 = ——
! T T |

661 44
r‘“ ""’l

| =8t Ut ““ .t
!!

/ .
10 | :
f LTk

4.5 8...)1

>



U.S. Patent

US 8,820,106 B2

41 A5

Sep. 2, 2014 Sheet 12 of 30
FI1G. 20
:
RN
44dn
w ‘IO\\_ //-.H\
43n ; -
AN EE
30n —
\/P\ r
- - [l )
1138
\/\ - , |

\If?‘[j iﬁ«?ﬁ@ f?qjé
1 12\/\

111

<IN

[ Y=

e -

20

123

20

122

20

121



U.S. Patent Sep. 2, 2014 Sheet 13 of 30 US 8,820,106 B2

FIG. 21




U.S. Patent Sep. 2, 2014 Sheet 14 of 30 US 8,820,106 B2

FIG., 22

; o a((c((
| i«" r« r l'

811"”"\#

- . —
el —




U.S. Patent Sep. 2, 2014 Sheet 15 of 30 US 8,820,106 B2

FIG. 23

[MP

-
I

FRESSURE

ENTHALPY [kJ/kg]




U.S. Patent Sep. 2, 2014 Sheet 16 of 30 US 8,820,106 B2

F1G., 24

e it el e e

55565 G
m‘l !' l' I'

8117

"T
4317 '

447




U.S. Patent Sep. 2, 2014 Sheet 17 of 30 US 8,820,106 B2

FI1G. 25
e A
b
- . ()
O
o
Ay
S
(1] .
oY,
-
)
7 A -
o d 2
1y
|
|
I * —
h

ENTHALPY {kJ/kg)



U.S. Patent Sep. 2, 2014 Sheet 18 of 30 US 8,820,106 B2

FIG. 26

416 TTE T
" ’ i““ (! r f ol
S Sur B AN B BN bt

A




U.S. Patent Sep. 2, 2014 Sheet 19 of 30 US 8,820,106 B2

F1G., 27

P A

‘MPa ]

1
heerd

FRESSURE

ENTHALPY [kJ/kg] h



U.S. Patent Sep. 2, 2014 Sheet 20 of 30 US 8,820,106 B2

FIG. 28

W& AT L

D5 e HHICETC TR | ]
Sas T ﬁ"l"ﬂl’f i




U.S. Patent Sep. 2, 2014 Sheet 21 of 30 US 8,820,106 B2

FI1G. 29
p A
dg

)

[y .

>

[+] :

o, ! -~

D ‘ ol TN
€. % ’ \ f
) 8/ f

] ' T 3 -

X (} .................... -
a¥ E ' h a

TV

FENTHALPY [kJ/kg]



U.S. Patent Sep. 2, 2014 Sheet 22 of 30 US 8,820,106 B2

FI1G. 30




U.S. Patent Sep. 2, 2014 Sheet 23 of 30 US 8,820,106 B2

P LA
80— 821\_/;/” {{‘,. ‘: ,[ [ b %
11t FF rEEHEED

811 \L_ __ i R
231 'ﬁ/ A ,
447 : |

X
31 1yﬂ '

!

--‘J




U.S. Patent Sep. 2, 2014 Sheet 24 of 30 US 8,820,106 B2

FIG. 32
P A
C
@,
©
{1
z
La]
(Y,
)
(/)
o l
0, d
ay
1
e —=
h

ENTHALPY [kJ/kg]



U.S. Patent Sep. 2, 2014 Sheet 25 of 30 US 8,820,106 B2




U.S. Patent Sep. 2, 2014 Sheet 26 of 30 US 8,820,106 B2

FIG. 34

P A

PRESSURE [MPs&]

ENTHALPY [kJ/kg]



U.S. Patent Sep. 2, 2014 Sheet 27 of 30 US 8,820,106 B2

A ”T x(ﬁ((l((
] i’i’(‘l (fll' {




U.S. Patent Sep. 2, 2014 Sheet 28 of 30 US 8,820,106 B2

FIG. 36

PRESSURE [MPa]

ENTHALPY [kJ/kg] h



U.S. Patent Sep. 2, 2014 Sheet 29 of 30 US 8,820,106 B2

|8 e
' :: :-:!' r %




U.S. Patent Sep. 2, 2014 Sheet 30 of 30 US 8,820,106 B2

FIG. 38

PRESSURE [MPa]

T VY

ENTHALPY [kJ/kgh



US 8,820,106 B2

1
AIR CONDITIONING APPARATUS

TECHNICAL FIELD

The present invention relates to an air conditioning appa- 3
ratus, and more specifically, to a multi-chamber type air con-
ditioning apparatus having a plurality of imdoor units and
being capable of performing a cooling-heating simultaneous

operation.
10

BACKGROUND ART

As a multi-chamber type air conditioning apparatus in the
related art having a plurality of indoor units and being capable
of performing a cooling-heating simultaneous operation, for 15
example, a configuration such as “Reference numeral (1)
designates a compressor, (2) designates a four-way valve
configured to switch the direction of flow of a refrigerant 1n a
heat source unit, (3) designates a heat source unit-side heat
exchanger, and (4) designates an accumulator being con- 20
nected to the apparatuses (1) to (3), whereby a heat source unit
(A) 1s configured. Reference numeral (5) designates three
indoor-side heat exchangers, (6) designates first connecting
piping that connects the four-way valve (2) of the heat source
unit (A) and a relay (E), (6b), (6¢), (6d) designate indoor 25
unit-side first connecting piping that connects the indoor-side
heat exchangers (5) of indoor units (B), (C), (D) and the relay
(E) respectively to correspond to the first connecting piping
(6), (7) designates second connecting piping that connects the
heat source unit-side heat exchanger (3) of the heat source 30
unit (A) and the relay (E), (7b), (7¢), (7d) designate indoor
unit-side second connecting piping that connects the mndoor-
side heat exchangers (5) of the indoor units (B), (C), and (D)
and the relay (E) respectively to correspond to the second
connecting piping, (8) designates three-way switching valves 35
that switchably connect the indoor unit-side first connecting,
piping (6b), (6¢), and (6d) and the first connecting piping (6)
or the second connecting piping (7), and (9) designates {first
flow rate control devices connected in proximity to the
indoor-side heat exchangers (5), configured to be controlled 40
cach depending on a super heat amount at the time of cooling
and a subcool amount at the time of heating on the sides of
exi1ts of the indoor-side heat exchangers (5), and connected to
the indoor unit-side second connecting piping (75), (7¢), (7d).
Reference numeral (10) designates a first branch portion 45
including the imndoor unit-side first connecting piping (65),
(6¢), (6d) and the three-way switching valves (8) that are
switchably connected to the first connecting piping (6) or the
second connecting piping (7), (11) designates a second
branch portion including the indoor unit-side second connect- 50
ing piping (7b), (7¢), (7d) and the second connecting piping
(7), and (12) designates freely openable and closable second
tlow rate device that connects the first branch portion (10) and
the second branch portion (11) of the second connecting
piping (7). (see Patent Document 1, for example) 1s pro- 55
posed.

Also, for example, a configuration such as “A compressor
11 for compressing refrigerant gas, outdoor heat exchangers
12a,12b,13a, 135, a blower (not shown) for blowing outside
air to outdoor heat exchangers 12a, 125, an accumulator 14 60
for preventing liquid return to the compressor 11, shut-off
valves 15,16,17, 18, 19, 20, and piping for connecting these
components are built in an outdoor unit 10. In contrast, inter-
mediate heat exchangers 53a and 54a provided 1n third piping,
854 and 86a connected 1n an annular shape 1n the first piping, 65
third restrictors 55a and 56a, and three-way valves 51a and
52a for connecting an indoor unit 30a and either one of the

2

intermediate heat exchanger 53a or 54q are built 1n a branch
unit 50a. Here, the positions of installation of the intermedi-

ate heat exchangers 53a and 54q are installed so that a natural
circulation operation 1n which an indoor heat exchanger 31a
1s used as an evaporator 1s established at the time of cooling
operation and a natural circulation operation 1n which the
indoor heat exchanger 31a 1s used as a condenser 1s estab-
lished at the time of heating operation. Also, the branch unit
50a 1s connected to the indoor unit 30q via gas piping 83a and
liquid piping 84a. Terminal ends of high-pressure piping 81
and low-pressure piping 82 are connected via a first restrictor
71 built 1n a terminal end unit 70, and a pressure detector 73
and a first temperature detector 72 are provided 1n the termi-
nal end unit 70. Also, the indoor heat exchanger 31qa, a second
restrictor 32a that adjusts the tlow rate of the refrigerant
flowing in the indoor heat exchanger 31a, a blower (not
shown) for forcedly blowing indoor air to an outer surface of
the 1indoor heat exchanger 31a, and piping for connecting
these components are built 1n the mdoor unit 30a. Further-
more, a second temperature detector 33a 1s provided on a gas
side of the mndoor unit 30a, and a third temperature detector
34a 1s provided on a liquid side thereof. One end of the indoor
heat exchanger 31a 1s connected to the liquid piping 84a via
the second restrictor 32a, and the other end thereof 1s con-
nected to the gas piping 83a.” (see Patent Document 2, for
example) 1s proposed.
Patent Document 1: Japanese Unexamined Patent Applica-
tion Publication No. 2-118372 (p. 3, FIG. 1)
Patent Document 2: Japanese Unexamined Patent Applica-
tion Publication No. 2003-343936 (paragraphs 0029 to
0031, FIG. 1)

DISCLOSURE OF INVENTION

Problems to be Solved by the Present Invention

An allowable concentration of a refrigerant leaking into a
space such as indoors 1s determined by an international stan-
dard considering influences exerted on human bodies such as
toxicity of the refrigerant or combustibility thereof. The
allowable concentrations of the refrigerant leaking into the
room are determined, for example, 0.44 kg/m> for R410A,
which is one of fluorocarbons refrigerants, 0.07 kg/m” for
CQO,, and 0.008 kg/m> for propane.

Since the multi-chamber type air conditioning apparatus in
the related art described in Patent Document 1 1s made up of
one relrigerant circuit, when the refrigerant leaks into the
space such as mndoors, an entire part of the refrigerant in the
refrigerant circuit leaks into the space. The multi-chamber
type air conditioning apparatus 1n this configuration may use
a refrigerant of several tens kg or more. Therelfore, there 1s a
problem that when the refrigerant leaks into the space such as
the room, the refrigerant concentration 1n the space may
exceed the above-described allowable concentration.

The multi-chamber type air conditioning apparatus in the
related art described 1n Patent Document 2 includes a heat
source-side refrigerant circuit (heat source-side refrigerant
cycle) provided 1n an outdoor unit and a branch unit, and a
user-side refrigerant circuit (user-side refrigerant cycle) pro-
vided in the indoor unit and the branch unit divided from each
other. Theretfore, the refrigerant leaking into the space such as
the room 1s smaller than the multi-chamber type air condi-
tioning apparatus in the related art described 1n Patent Docu-
ment 1. However, there still remains a problem that when the
refrigerant leaks in the space such as the room, the refrigerant
concentration 1n the space may still exceed the above-de-
scribed allowable concentrations.
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In order to solve the problems as described above, it 1s an
object of the present mnvention to provide a multi-chamber
type air conditioning apparatus which 1s capable of perform-
ing a cooling-heating simultaneous operation, and 1s capable
of preventing a refrigerant whose allowable concentration 1s
kept under control from leaking into a space such as a room.

Means for Solving the Problems

An air conditioning apparatus according to the present
invention which allows selection of either one of a cooling
operation and a heating operation for respective indoor units
independently includes: an outdoor unit having a compressor
and an outdoor heat exchanger provided therein; a plurality of
the indoor units each provided with an indoor heat exchanger;
and relay umits mterposed between these units, including: a
heat source-side reifrigerant circuit, the heat source-side
refrigerant circuit including: the outdoor heat exchanger con-
nected at one end thereof to an end of the compressor; a
second refrigerant branch portion and a third refrigerant
branch portion connected to the other end of the outdoor heat
exchanger via branch piping; a first refrigerant tlow rate con-
trol device configured to control the flow rate of a heat source-
side refrigerant flowing 1n the second refrigerant branch por-
tion, a plurality of intermediate heat exchangers each
connected at one end thereof to the first refrigerant branch
portion and the third refrigerant branch portion via a first
refrigerant flow channel switching device and connected at
the other end thereof to the second refrigerant branch portion,
and a plurality of second refrigerant flow rate control devices
configured to control the tlow rate of the heat source-side
reirigerant flowing between the respective intermediate heat
exchangers and the second refrigerant branch portions; and a
plurality of user-side refrigerant circuits including: a circu-
lating device connected at one end of a user-side circuit con-
figured to perform a heat exchange with respect to the heat
source-side refrigerant circuit of the intermediate heat
exchanger; and an indoor heat exchanger connected at one
end thereot to the circulating device and 1s connected at the
other end thereot to the other end of the user-side circuit of the
intermediate heat exchanger, wherein the first refrigerant
branch portion, the branch piping, the second refrigerant
branch portion, the third refrigerant branch portion, the first
reirigerant tlow rate control device, the intermediate heat
exchanger, the first refrigerant tlow channel switching device,
the second refrigerant flow rate control device, and the circu-
lating device are provided in the relay unit, and at least one of
water and antifreeze solution as the user-side refrigerant cir-
culates 1n at least one of the plurality of user-side refrigerant
circuits.

Advantages

In the present invention, at least one of the water and the
antifreeze solution circulates 1n at least one of the plurality of
user-side refrigerant circuits. Therefore, the refrigerant
whose allowable concentration 1s kept under control 1s pre-

vented from leaking into a space where people exist by cir-
culating at least one of the water and the antifreeze solution in
the user-side refrigerant circuit istalled 1n, for example, the
space where people exist (living spaces, or spaces where
people come and go, etc.). With the configuration of this
refrigerant circuit, the plurality of indoor units are capable of
performing a cooling and heating simultaneous operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s arefrigerant circuit diagram of an air conditioning,
apparatus according to Embodiment 1 in the present mnven-
tion.
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FIG. 2 1s a refrigerant circuit diagram showing a flow of a
refrigerant in a cooling operation mode of the air conditioning
apparatus according to Embodiment 1 in the present inven-
tion.

FIG. 3 1s a p-h diagram showing a change of a heat source-
side refrigerant in FI1G. 2.

FIG. 4 15 a refrigerant circuit diagram showing the flow of
the refrigerant 1n a heating operation mode of the air condi-
tioning apparatus according to Embodiment 1 in the present
invention.

FIG. 5 1s a p-h diagram showing the change of the heat
source-side refrigerant in FIG. 4.

FIG. 6 1s a refrigerant circuit diagram showing the tlow of
the refrigerant 1n a cooling-dominated operation mode of the
air conditioning apparatus according to Embodiment 1 in the
present invention.

FIG. 7 1s a p-h diagram showing the change of the heat
source-side refrigerant in FIG. 6.

FIG. 8 1s a refrigerant circuit diagram showing the flow of
the refrigerant 1n a heating-dominated operation mode of the
air conditioning apparatus according to Embodiment 1 1n the
present invention.

FIG. 9 1s a p-h diagram showing the change of the heat
source-side refrigerant in FIG. 8.

FIG. 10 1s arefrigerant circuit diagram of the air condition-

ing apparatus according to Embodiment 2 in the present
invention.

FIG. 11 1s a refrigerant circuit diagram showing the flow of
the refrigerant in a cooling operation mode of the air condi-
tioning apparatus according to Embodiment 2 1n the present
invention.

FIG. 12 15 a p-h diagram showing the change of the heat
source-side refrigerant in FIG. 11.

FIG. 13 1s arefrnigerant circuit diagram showing the flow of
the refrigerant in a heating operation mode of the air condi-
tioning apparatus according to Embodiment 2 1n the present
ivention.

FIG. 14 1s a p-h diagram showing the change of the heat
source-side refrigerant in FI1G. 13.

FIG. 15 1s a refrigerant circuit diagram showing the flow of
the refrigerant in a cooling-dominated operation mode of the
air conditioning apparatus according to Embodiment 2 1in the
present invention.

FIG. 16 15 a p-h diagram showing the change of the heat
source-side refrigerant in FIG. 15.

FIG. 17 1s arefnigerant circuit diagram showing the flow of
the refrigerant 1n a heating-dominated operation mode of the
air conditioning apparatus according to Embodiment 2 1n the
present 1nvention.

FIG. 18 15 a p-h diagram showing the change of the heat
source-side refrigerant in FIG. 15.

FIG. 19 1s a refrigerant circuit diagram of the air condition-
ing apparatus according to Embodiment 3 in the present
ivention.

FIG. 20 1s a schematic installation drawing of an air con-
ditioning apparatus according to Embodiment 4 in the present
invention.

FI1G. 21 1s arefrigerant circuit diagram of the air condition-
ing apparatus according to Embodiment 5 in the present
invention.

FI1G. 22 1s arefnigerant circuit diagram showing the flow of
the refrigerant in a cooling operation mode of the air condi-
tioning apparatus according to Embodiment 5 1n the present
invention.

FIG. 23 15 a p-h diagram showing the change of the heat
source-side refrigerant in FIG. 22.
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FI1G. 24 1s arefrigerant circuit diagram showing the tlow of
the refrigerant in a heating operation mode of the air condi-

tioming apparatus according to Embodiment 5 1n the present
invention.

FI1G. 25 1s a p-h diagram showing the change of the heat 5
source-side refrigerant 1n FIG. 24.

FIG. 26 1s arefrigerant circuit diagram showing the flow of
the refrigerant in a cooling-dominated operation mode of the
air conditioning apparatus according to Embodiment 5 in the
present invention. 10

FIG. 27 1s a p-h diagram showing the change of the heat
source-side refrigerant 1n FIG. 26.

FI1G. 28 1s arefrigerant circuit diagram showing the tlow of
the refrigerant 1n a heating-dominated operation mode of the
air conditioning apparatus according to Embodiment 5 in the 15
present invention.

FIG. 29 1s a p-h diagram showing the change of the neat
source-side refrigerant 1in FIG. 28.

FI1G. 30 1s a refrigerant circuit diagram of the air condition-
ing apparatus according to Embodiment 6 in the present 20
invention.

FIG. 31 1s arefrigerant circuit diagram showing the tlow of
the refrigerant 1n a cooling operation mode of the air condi-
tioning apparatus according to Embodiment 6 in the present
invention. 25

FI1G. 32 1s a p-h diagram showing the change of the heat
source-side refrigerant in FIG. 31.

FI1G. 33 1s arefrigerant circuit diagram showing the tlow of
the refrigerant in a heating operation mode of the air condi-
tiomng apparatus according to Embodiment 6 in the present 30
invention.

FI1G. 34 1s a p-h diagram showing the change of the heat
source-side refrigerant in FIG. 33.

FI1G. 35 1s arefrigerant circuit diagram showing the tlow of
the refrigerant 1n a cooling-dominated operation mode of the 35
air conditioning apparatus according to Embodiment 6 1n the
present invention.

FIG. 36 15 a p-h diagram showing the change of the heat
source-side refrigerant in FIG. 35.

FI1G. 37 1s arefrigerant circuit diagram showing the flow of 40
the refrigerant 1n a heating-dominated operation mode of the
air conditioning apparatus according to Embodiment 6 in the
present invention.

FIG. 38 1s a p-h diagram showing the change of the heat
source-side refrigerant in FIG. 37. 45

REFERENCE NUMERALS

1 air conditioning apparatus, 10 outdoor unit, 11 compres-
sor, 12 four-way valve, 13 outdoor heat exchanger, relay unit, 50
21 first refrigerant branch portion, 22 second reirigerant
branch portion, 23 third refrigerant branch portion, 24 first
refrigerant flow rate control device, 257 intermediate heat
exchanger, 26n three-way valve, 27» second refrigerant flow
rate control device, 28» pump, 307 indoor unit, 317 indoor 55
heat exchanger, 40 branch piping, 41 first extension piping,

42 second extension piping, 43» third extension piping, 44
fourth extension piping, S0 refrigerant flow channel switch-
ing unit, 51 first check valve, 52 second check valve, 53 third
check valve, 54 fourth check valve, 61 gas-liquid separating 60
device, 62 bypass piping, 63 third refrigerant flow rate control
device, 64n first temperature sensor, 637 second temperature
sensor, 66x inverter, 70 opening and closing device, 80 user-
side refrigerant flow channel switching unit, 817 first switch-
ing valve, 82 second switching valve, 90 second refrigerant 65
flow channel switching unit, 91z fifth check valve, 92 sixth
check valve, 93 heat exchanger, 94 second bypass piping, 95

6

tourth refrigerant branch portion, 100 building, 111-113 l1v-
ing space, 121-123 shared space, 130 piping-installed space,
A heat source-side refrigerant circuit, Bn user-side refrigerant
circuit.

BEST MODES FOR CARRYING OUT THE
PRESENT INVENTION

Embodiment 1

FIG. 11s arefrigerant circuit diagram of an air conditioning,
apparatus according to Embodiment 1 in the present inven-
tion.

An air conditioning apparatus 1 includes a heat source-side
refrigerant circuit A having an outdoor heat exchanger 13
configured to perform a heat exchange with outdoor air, and
user-side refrigerant circuits Bn having indoor heat exchang-
ers 31» (hereinalfter, n represents 1 and larger natural num-
bers, and represents the number of units of the indoor heat
exchangers) configured to perform the heat exchange with
indoor air. A heat source-side refrigerant circulating in the
heat source-side refrigerant circuit A and the user-side refrig-
erant circulating in the user-side refrigerant circuits Bn per-
form the heat exchange each other in intermediate heat
exchangers 25n. Then, respective components in the heat
source-side refrigerant circuit A and the user-side refrigerant
circuits Bn are provided 1n an outdoor unit 10, a relay unit 20,
and indoor units 307%. In Embodiment 1, water 1s used as the
user-side refrigerant.

In Embodiment 1, although the number of the indoor units
307 1s three (n=3), itmay be two or three or more. The number
of the relay units 20 1s not limited to one, and a plurality of
pieces may be provided. In other words, the present invention
may be implemented in a configuration in which a plurality of
indoor units are provided in each of the plurality of relay
units. Also, a plurality of the outdoor units 10 can be provided
according to an output load.

The heat source-side refrigerant circuit A includes a com-
pressor 11, a four-way valve 12, the outdoor heat exchanger
13, a first refrigerant branch portion 21, a second refrigerant
branch portion 22, a third refrigerant branch portion 23, a first
refrigerant flow rate control device 24, intermediate heat
exchangers 251-253, three-way valves 261-263, and second
refrigerant flow rate control devices 271-273. Here, the four-
way valve 12 and the three-way valves 261-263 correspond to
a second refrigerant tflow channel switching device and a first
refrigerant flow channel switching device in the present
invention, respectively.

The compressor 11 1s connected to the four-way valve 12
configured to switch the direction of flow of the heat source-
side refrigerant being discharged from the compressor 11.
The four-way valve 12 1s connected to the first refrigerant
branch portion 21 via first extension piping 41. The outdoor
heat exchanger 13 i1s connected at one side thereotf to the
four-way valve 12, and at the other side thereot to the second
refrigerant branch portion 22 and the third refrigerant branch
portion 23 via second extension piping and branch piping 40.
Also, provided between the branch piping 40 and the second
refrigerant branch portion 22 is the first refrigerant flow rate
control device 24. The intermediate heat exchangers 251-253
cach are connected at one side thereof to the second refriger-
ant branch portion 22 via each of the second refrigerant flow
rate control devices 271-273, and at the other side thereof to
the first refrigerant branch portion 21 and the third refrigerant
branch portion 23 via each of the three-way valves 261-263.

The user-side refrigerant circuit B includes the intermedi-
ate heat exchangers 251-2353, pumps 281-283, and indoor
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heat exchangers 311-313. The outdoor heat exchangers 311-
313 each are connected at one side thereof to each of the
intermediate heat exchangers 251-253 via each of third exten-
sion piping 431-433 and each of the pumps 281-283. Each of
the other sides thereof are connected to each of the interme-
diate heat exchangers 251-233 via each of fourth extension
piping 441-443. Here, the pumps 281-283 correspond to a
circulating device in the present mvention.

The outdoor unit 10 includes the compressor 11, the four-
way valve 12, and the outdoor heat exchanger 13 as compo-
nents of the heat source-side refrigerant circuit A. The relay
unit 20 1ncludes the first refrigerant branch portion 21, the
second refrigerant branch portion 22, the third refrigerant
branch portion 23, the firstrefrigerant flow rate control device
24, the intermediate heat exchangers 251-253, the three-way
valves 261-263, and the second relrigerant flow rate control
devices 271-273. The relay unit 20 1s provided with the
pumps 281-283 as components of the user-side refrigerant
circuit. The indoor units 301-303 are provided with the indoor
heat exchangers 311-313, respectively, as components of the
user-side refrigerant circuit.

In order to allow separation of the outdoor unit 10 and the
relay unit 20, the first extension piping 41 being separable by,
for example, a connecting device such as a joint or a valve 1s
provided between the four-way valve 12 and the first refrig-
erant branch portion 21. Provided between the outdoor heat
exchanger 13 and the branch piping 40 1s second extension
piping 42 being separable by the connecting device such as
the joint or the valve. In order to allow separation of the relay
unit 20 and the indoor unit, the third extension piping 431-433
cach being separable by, for example, the connecting device
such as the joint or the valve are provided between the pumps
281-283 and the indoor heat exchangers 311-313. Provided
between the indoor heat exchangers 311-313 and the inter-
mediate heat exchangers 251-253 are the fourth extension
piping 441-443 each being separable by, for example, the
connecting device such as the joint or the valve.

(Operating Actions)

Subsequently, operating actions of the air conditioning
apparatus 1 1n Embodiment 1 will be described. The operat-
ing actions of the air conditioning apparatus 1 include four
modes; a cooling operation mode, a heating operation mode,
a cooling-dominated operation mode, and a heating-domi-
nated operation mode.

The cooling operation mode 1s an operation mode 1n which
the mdoor units 307 are capable of cooling only. The heating
operation mode 1s an operation mode 1 which the indoor
units 302 are capable of heating only. The cooling-dominated
operation mode 1s an operation mode which allows selection
of either the cooling operation or the heating operation for the
respective indoor units 30% independently, and 1s amode used
when a cooling load 1s larger than a heating load. The heating-
dominated operation mode 1s an operation mode which
allows selection of either the cooling operation or the heating
operation for the respective indoor units 30z independently,
and 1s a mode used when the heating load 1s larger than the
cooling load.

(Cooling Operation Mode)

First of all, the cooling operation mode will be described.

FI1G. 2 15 a refrigerant circuit diagram showing a flow of a
refrigerant in the cooling operation mode of the air condition-
ing apparatus according to Embodiment 1 in the present
invention. FIG. 3 1s a p-h diagram showing a change 1n a heat
source-side refrigerant 1n the cooling operation mode.

In FIG. 2, piping illustrated in thick lines indicates piping
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
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solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-d shown in FIG. 3 indicate the states of the
refrigerant at points indicated by reference signs a-d in FIG. 2,
respectively.

When all the imndoor umits 301-303 perform the cooling
operation, the four-way valve 12 1s switched to allow the heat
source-side refrigerant being discharged from the compressor
11 to flow toward the outdoor heat exchanger 13. In other
words, the four-way valve 12 1s switched to allow the heat
source-side refrigerant being discharged from the first refrig-
erant branch portion 21 of the relay unit 20 to flow into the
compressor 11. The three-way valves 261-263 ecach are
switched to allow the respective intermediate heat exchangers
251-253 to communicate with the first refrigerant branch
portion 21. The respective second refrigerant flow rate control
devices 271-273 restrict the degrees of openings thereof. The
first refrigerant tlow rate control device 24 increases the
degree of opening thereol to a fully opened state. In this state,
the operations of the compressor 11 and the pumps 281-283
are started.

First of all, the flow of the refrigerant 1in the heat source-
side refrigerant circuit A will be described. The low-tempera-
ture low-pressure vapor-state refrigerant 1s compressed by the
compressor 11 and 1s discharged as the high-temperature
high-pressure refrigerant. A refrigerant compression process
of the compressor 11 1s expressed by an 1sentropic curve as
shown from the point a to b in FIG. 3 on the assumption that
heat entry and exit with respect to the periphery does not
occur. The high-temperature high-pressure refrigerant being
discharged from the compressor 11 passes through the four-
way valve 12 and flows 1nto the outdoor heat exchanger 13.
Then, the refrigerant 1s transformed 1nto condensed liquid
while dissipating heat to the outdoor air 1n the outdoor heat
exchanger 13, thereby becoming a high-pressure liquid-state
reirigerant. The change of the refrigerant 1n the outdoor heat
exchanger 13 i1s performed under a substantially constant
pressure. The change of the refrigerant at this time 1s
expressed by a line slightly inclined but substantially hori-
zontal as shown from the point b to ¢ 1n FIG. 3 when consid-
ering a pressure loss of the outdoor heat exchanger 13.

The high-pressure liquid-state refrigerant flowing out from
the outdoor heat exchanger 13 passes through the second
extension piping 42 and the first refrigerant flow rate control
device 24 and flows into the second refrigerant branch portion
22. The high-pressure liquid-state refrigerant flowing into the
second refrigerant branch portion 22 i1s branched from the
second refrigerant branch portion 22 and flows into the sec-
ond refrigerant flow rate control devices 271-273. Then, the
high-pressure liquid-state refrigerant 1s restricted and then 1s
expanded (decompressed) 1n the second refrigerant flow rate
control devices 271-273, thereby assuming a low-tempera-
ture low-pressure gas-liquid two-phase state. The changes of
the refrigerant 1n the second refrigerant flow rate control
devices 271-273 are performed under a constant enthalpy.
The change of the refrigerant at this time 1s expressed by a
vertical line as shown from the point ¢ to d in FIG. 3.

The low-temperature low-pressure refrigerant flowing out
from the second refrigerant flow rate control devices 271-273
flows 1nto the intermediate heat exchangers 251-2353, respec-
tively. Then, the refrigerant absorbs heat from the water flow-
ing in the intermediate heat exchangers 251-253, thereby
becoming low-temperature low-pressure vapor-state relrig-
erant. The change of the heat source-side refrigerant 1n the
intermediate heat exchangers 251-253 1s performed under a
substantially constant pressure. The change of the refrigerant
at this time 1s expressed by a line slightly inclined but sub-
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stantially horizontal as shown from the point d to a 1n FIG. 3
when considering a pressure loss of the intermediate heat
exchangers 251-253.

The low-temperature low-pressure vapor-state refrigerant
flowing out from the intermediate heat exchangers 251-253
passes through the three-way valves 261-263 respectively,
and flows into the first refrigerant branch portion 21. The
low-temperature low-pressure vapor-state refrigerant joining
in the first refrigerant branch portion 21 flows into the com-
pressor 11 through the first extension piping 41 and the four-
way valve 12, and 1s compressed therein.

Since the low-temperature low-pressure vapor-state refrig-
crant flowing into the compressor 11 passes through the pip-
ing, the pressure 1s lowered slightly 1n comparison with the
low-temperature low-pressure vapor-state refrigerant imme-
diately after leaving the intermediate heat exchangers 251 -
253, but 1n FIG. 3, 1t 1s expressed by the same point a. In the
same manner, since the high-pressure liquid-state refrigerant
flowing into the second refrigerant flow rate control devices
271-273 passes through the piping, the pressure 1s lowered
slightly 1n comparison with the high-pressure liquid-state
refrigerant flowing out from the outdoor heat exchanger 13,
but in FIG. 3, 1t 1s expressed by the same point ¢. A pressure
loss of the refrigerant caused by the passage through the
piping as described above, or the above-described pressure
loss of the outdoor heat exchanger 13 and the intermediate
heat exchangers 251-233 are the same also in the heating
operation mode, the cooling-dominant operating mode, and
the heating-dominant operating mode described below, and
hence the description will be omitted except for a case where
it 1S necessary.

Subsequently, the flow of the refrigerant 1n the user-side
refrigerant circuit B will be described.

The water cooled by the heat source-side refrigerant flow-
ing in the intermediate heat exchangers 251-253 tlows into
the indoor heat exchangers 311-313 through the pumps 281 -
283. Then, the water absorbs heat from the indoor air 1n the
indoor heat exchangers 311-313 to cool the interior of the
room 1n which the indoor units 301-303 (the indoor heat
exchangers 311-313) are provided. Subsequently, the water
flowing out from the indoor heat exchangers 311-313 flows
into the intermediate heat exchangers 251-253.

(Heating Operation Mode)

Subsequently, the heating operation mode will be
described.

FI1G. 4 15 a refrigerant circuit diagram showing the flow of
the refrigerant in the heating operation mode of the air con-
ditioning apparatus according to Embodiment 1 1n the present
invention. FIG. 5 1s a p-h diagram showing the change of the
heat source-side refrigerant in the heating operation mode.

In FIG. 4, piping illustrated in thick lines indicates piping
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-d shown 1n FIG. S indicate the states of the
refrigerant at points indicated by reference signs a-d 1n FIG. 4,
respectively.

When all the imndoor umits 301-303 perform the heating
operation, the four-way valve 12 1s switched to allow the heat
source-side refrigerant being discharged from the compressor
11 to pass through the first extension piping 41 and to tlow
into the outdoor heat exchanger 21 of the relay unit 20. In
other words, 1t 1s switched to allow the heat source-side refrig-
erant flowing out from the outdoor heat exchanger 13 to flow
into the compressor 11. The three-way valves 261-263 are
switched to allow the respective intermediate heat exchangers
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251-253 to communicate with the first refrigerant branch
portion 21. The respective second refrigerant flow rate control
devices 271-273 restrict the degrees of openings thereof. The
first refrigerant flow rate control device 24 makes 1ts opening
to a fully opened state. In this state, the operations of the
compressor 11 and the pumps 281-283 are started.

First of all, the flow of the refrigerant 1in the heat source-
side refrigerant circuit A will be described. The vapor-state
low-temperature low-pressure refrigerant 1s compressed by
the compressor 11 and 1s discharged as the high-temperature
high-pressure refrigerant. The refrigerant compression pro-
cess of the compressor 11 1s expressed by an 1sentropic curve
as shown from the point ato bin FIG. 5. The high-temperature
high-pressure refrigerant being discharged from the compres-
sor 11 passes through the four-way valve 12 and the first
extension piping 41 and flows into the first refrigerant branch
portion 21. The high-temperature high-pressure refrigerant
flowing into the first refrigerant branch portion 21 1s branched
from the first refrigerant branch portion 21, passes through
the three-way valves 261-263, and flows 1nto the intermediate
heat exchangers 251-253, respectively. Then, the refrigerant
1s transformed into condensed liquid while dissipating heat to
the water tflowing in the mtermediate heat exchangers 251 -
2353, thereby becoming a high-pressure liquid-state refriger-
ant. The change of the refrigerant at this time 1s expressed by
a line slightly inclined but substantially horizontal as shown
from the point b to ¢ in FIG. §.

The high-pressure liquid-state refrigerant flowing out from
the intermediate heat exchangers 251-253 flows 1nto the sec-
ond refrigerant flow rate control devices 271-273. Then, the
high-pressure liquid-state refrigerant 1s restricted and then 1s
expanded (decompressed) 1n the second refrigerant flow rate
control devices 271-273, thereby assuming a low-tempera-
ture low-pressure gas-liquid two-phase state. The change of
the refrigerant at this time 1s expressed by a vertical line as
shown from the point ¢ to d in FIG. 5. The low-temperature
low-pressure gas-liquid two-phase state refrigerant flowing
out from the second refrigerant flow rate control devices
271-273 flows 1nto the second refrigerant branch portion 22.
The gas-liquid two-phase state refrigerant joining in the sec-
ond refrigerant branch portion 22 passes through the first
refrigerant flow rate control device 24 and the second exten-
sion piping 42 and flows 1nto the outdoor heat exchanger 13.
Then, the refrigerant absorbs heat from the outdoor air 1n the
outdoor heat exchanger 13, thereby becoming a low-tempera-
ture low-pressure vapor-state refrigerant. The change of the
refrigerant at this time 1s expressed by a line slightly inclined
but substantially horizontal as shown from the point d to a in
FIG. 5. The low-temperature low-pressure vapor-state refrig-
erant flowing out from the outdoor heat exchanger 13 flows
into the compressor 11 through the four-way valve 12, and 1s
compressed therein, thereby becoming a high-temperature
high-pressure refrigerant.

Subsequently, the flow of the refrigerant in the user-side
refrigerant circuit B will be described.

The water heated by the heat source-side refrigerant flow-
ing in the intermediate heat exchangers 251-253 passes
through the pumps 281-283 and flows into the indoor heat
exchangers 311-313. Then, the water dissipates heat 1nto the
indoor air 1n the indoor heat exchangers 311-313 to heat up
the interior of the room 1n which the indoor units 301-303 (the
indoor heat exchangers 311-313) are provided. Subsequently,
the water flowing out from the indoor heat exchangers 311-
313 flows into the intermediate heat exchangers 251-253.

(Cooling-Dominated Operation Mode)

Subsequently, the cooling-dominated operation mode will

be described.
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FIG. 6 1s a refrigerant circuit diagram showing the flow of
the refrigerant 1n the cooling dominated operation mode of
the air conditioning apparatus according to Embodiment 1 in
the present invention. FIG. 7 1s a p-h diagram showing the
change of the heat source-side refrigerant 1n the cooling-
dominated operation mode.

In FIG. 6, piping illustrated in thick lines indicates piping
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-e¢ shown 1n FIG. 7 indicate the states of the
refrigerant at points indicated by reference signs a-¢ 1n FIG. 6,
respectively.

A case where the mndoor units 301 and 302 perform the
cooling operation and the indoor unit 303 performs the heat-
ing operation will be described. The four-way valve 12 1s
switched to allow the heat source-side refrigerant being dis-
charged from the compressor 11 to flow toward the outdoor
heat exchanger 13. In other words, it 1s switched to allow the
heat source-side refrigerant being discharged from the first
refrigerant branch portion 21 of the relay unit 20 to flow 1nto
the compressor 11. The three-way valves 261 and 262 are
switched to allow the intermediate heat exchangers 231 and
252 to communicate with the first refrigerant branch portion
21. Also, the three-way valve 263 1s switched to allow the
intermediate heat exchanger 253 to communicate with the
third refrigerant branch portion 23. The second refrigerant
flow rate control devices 271 and 272 restrict the degrees of
openings thereot, and the second refrigerant flow rate control
device 273 increases the degree of opening thereot to a fully
opened state. The first refrigerant flow rate control device 24
reduces the degree of opening thereot to a fully closed state.
In this state, the operations of the compressor 11 and the
pumps 281-283 are started.

First of all, the flow of the refrigerant 1n the heat source-
side refrigerant circuit A will be described. The low-tempera-
ture low-pressure vapor-state refrigerant 1s compressed by the
compressor 11 and 1s discharged as the high-temperature
high-pressure refrigerant. The refrigerant compression pro-
cess of the compressor 11 1s expressed by an 1sentropic curve
as shown from the point a to bin FIG. 7. The high-temperature
high-pressure refrigerant being discharged from the compres-
sor 11 passes through the four-way valve 12 and tlows into the
outdoor heat exchanger 13. Then, the refrigerant dissipates
heat to the outdoor air in the outdoor heat exchanger 13,
thereby becoming a high-pressure gas-liquid two-phase state
reirigerant. The change of the refrigerant at this time 1s
expressed by a line slightly inclined but substantially hori-
zontal as shown from the point b to ¢ 1n FIG. 7.

The high-pressure gas-liquid two-phase refrigerant flow-
ing out from the outdoor heat exchanger 13 passes through the
second extension piping 42 and flows into the third refrigerant
branch portion 23. The high-pressure gas-liquid two-phase
refrigerant flowing out from the third refrigerant branch por-
tion 23 passes through the three-way valve 263, and flows into
the intermediate heat exchanger 253. Then, the refrigerant 1s
transformed 1nto condensed liquid while dissipating heat to
the water flowing in the intermediate heat exchanger 253,
thereby becoming a high-pressure liqud-state refrigerant.
The change of the refrigerant at this time 1s expressed by a line
slightly inclined but substantially horizontal as shown from
the point ¢ to d 1n FIG. 7. The high-pressure liquid-state
refrigerant flowing out from the intermediate heat exchanger
2353 passes through the second refrigerant flow rate control
device 273 and flows into the second refrigerant branch por-
tion 22.
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The high-pressure liquid-state refrigerant flowing nto the
second refrigerant branch portion 22 i1s branched from the
second refrigerant branch portion and flows 1nto the second
refrigerant flow rate control devices 271 and 272. Then, the
high-pressure liquid-state refrigerant 1s restricted and then 1s
expanded (decompressed) 1n the second refrigerant flow rate
control devices 271 and 272, thereby assuming a low-tem-
perature low-pressure gas-liquid two-phase state. The change
of the refrigerant at this time 1s expressed by a vertical line as
shown from the point d to e 1n FIG. 7.

The low-temperature low-pressure refrigerant 1n the gas-
liquid two-phase state flowing out from the second refrigerant
flow rate control devices 271 and 272 flows into the interme-
diate heat exchangers 251 and 252, respectively. Then, the
refrigerant absorbs heat from the water flowing 1n the inter-
mediate heat exchangers 251 and 252, thereby becoming
low-temperature low-pressure vapor-state refrigerant. The
change of the refrigerant at this time 1s expressed by a line

slightly inclined but substantially horizontal as shown from
the point e to a in FIG. 7.

The low-temperature low-pressure vapor-state refrigerant
flowing out from the intermediate heat exchangers 251 and
252 passes through the three-way valves 261 and 262 respec-
tively, and flow 1nto the first refrigerant branch portion 21.
The low-temperature low-pressure vapor-state refrigerant
joming 1n the first refrigerant branch portion 21 tlows into the
compressor 11 through the first extension piping 41 and the
four-way valve 12, and 1s compressed therein.

Subsequently, the flow of the refrigerant in the user-side
refrigerant circuit B will be described.

The water cooled by the heat source-side refrigerant flow-
ing 1n the itermediate heat exchangers 251 and 252 passes
through the pumps 281 and 282 and tlows into the indoor heat
exchangers 311 and 312. Then, the water absorbs heat from
the indoor air in the imndoor heat exchangers 311 and 312 to
cool down the interior of the room 1n which the indoor units
301 and 302 (the indoor heat exchangers 311 and 312) are
provided. Subsequently, the water flowing out from the
indoor heat exchangers 311 and 312 flows into the interme-
diate heat exchangers 251 and 252.

The water heated by the heat source-side refrigerant flow-
ing in the intermediate heat exchanger 253 passes through the
pump 283 and flows into the indoor heat exchanger 313.
Then, the water dissipates heat into the indoor air in the indoor
heat exchanger 313 to heat up the interior of the room in
which the indoor unit 303 (the indoor heat exchanger 313) 1s
provided. Subsequently, the water flowing out from the
indoor heat exchanger 313 flows 1nto the imtermediate heat
exchanger 253.

(Heating-Dominated Operation Mode)

Subsequently, the heating-dominated operation mode will
be described.

FIG. 8 1s a refrigerant circuit diagram showing the flow of
the refrigerant 1n the heating-dominated operation mode of
the air conditioning apparatus according to Embodiment 1 in
the present invention. FIG. 9 1s a p-h diagram showing the
change of the heat source-side refrigerant in the heating
operation mode.

In FIG. 8, piping illustrated 1n thick lines indicates piping
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-g shown in FIG. 9 indicate the states of the
refrigerant at points indicated by reference signs a-g in FI1G. 8,
respectively.
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A case where the mndoor unit 301 performs the cooling
operation and the indoor units 302 and 303 perform the heat-
ing operation will be described. The four-way valve 12 1s
switched to allow the heat source-side refrigerant being dis-
charged from the compressor 11 to pass through the first
extension piping 41 and to flow into the first refrigerant
branch portion 21 of the relay unit 20. In other words, 1t 1s
switched to allow the heat source-side refrigerant flowing out
from the outdoor heat exchanger 13 to flow 1nto the compres-
sor 11. The three-way valve 261 1s switched to allow the
intermediate heat exchanger 251 to communicate with the
third refrigerant branch portion 23. Also, the three-way valves
262 and 263 are switched to allow the intermediate heat
exchangers 252 and 253 to communicate with the first refrig-
erant branch portion 21. The second reifrigerant flow rate
control devices 271 restricts the degree of opening thereof
and the respective second refrigerant flow rate control devices
272 and 273 increase the degrees of openings thereof to a
tully opened state. The respective second refrigerant flow rate
control devices 271-273 restrict the degrees of openings
thereol. The first reirigerant flow rate control device 24
restricts the degree of opening thereof. In this state, the opera-
tions of the compressor 11 and the pumps 281-283 are started.

First of all, the flow of the refrigerant 1n the heat source-
side refrigerant circuit A will be described. The low-tempera-
ture low-pressure vapor-state refrigerant 1s compressed by the
compressor 11 and i1s discharged as the high-temperature
high-pressure refrigerant. The refrigerant compression pro-
cess of the compressor 11 1s expressed by an 1sentropic curve
as shown from the pointato b1n FIG. 9. The high-temperature
high-pressure refrigerant being discharged from the compres-
sor 11 passes through the four-way valve 12 and the first
extension piping 41 and flows into the first refrigerant branch
portion 21. The high-temperature high-pressure refrigerant
flowing into the first refrigerant branch portion 21 1s branched
from the first refrigerant branch portion 21, passes through
the three-way valves 262 and 263, and flows 1nto the inter-
mediate heat exchangers 253 and 233, respectively. Then, the
refrigerant 1s transformed into condensed liquid while dissi-
pating heat to the water flowing in the intermediate heat
exchangers 252 and 233, thereby becoming a high-pressure
liquid-state refrigerant. The change of the refrigerant at this
time 1s expressed by a line slightly inclined but substantially
horizontal as shown from the point b to ¢ 1n FIG. 9.

The high-pressure liquid-state refrigerant flowing out from
the intermediate heat exchangers 252 and 253 passes through
the second refrigerant tlow rate control devices 272 and 273
and tlow 1nto the second refrigerant branch portion 22. Part of
the high-pressure liquid-state refrigerant joining in the sec-
ond refrigerant branch portion 22 flows into the second refrig-
erant flow rate control device 271. Then, the high-pressure
liquid-state refrigerant is restricted and then 1s expanded (de-
compressed) in the second refrigerant tlow rate control device
271, thereby assuming a low-temperature low-pressure gas-
liquid two-phase state. The change of the refrigerant at this
time 1s expressed by a vertical line as shown from the point ¢
to d 1n FIG. 9. The low-temperature low-pressure gas-liquid
two-phase state refrigerant flowing out from the second
refrigerant flow rate control device 271 flows 1nto the inter-
mediate heat exchanger 251. Then, the refrigerant absorbs
heat from the water flowing in the intermediate heat
exchanger 251, thereby becoming a low-temperature low-
pressure vapor-state refrigerant (or gas-liquid two-phase state
reirigerant). The change of the refrigerant at this time 1s
expressed by a line slightly inclined but substantially hori-
zontal as shown from the point d to ¢ mn FIG. 9. The low-
temperature low-pressure vapor-state refrigerant flowing out
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from the intermediate heat exchanger 251 passes through the
three-way valves 261 and flows into the third refrigerant
branch portion 23.

In contrast, the remaining high-pressure liquid-state refrig-
crant joining in the second refrigerant branch portion 22 1s
restricted and then 1s expanded (decompressed) 1n the first
refrigerant flow rate control device 24, thereby assuming a
low-temperature low-pressure gas-liquid two-phase state.
The change of the refrigerant at this time 1s expressed by a
vertical line as shown from the point ¢ to I 1n FIG. 9. The
low-temperature low-pressure gas-liquid two-phase state
refrigerant flowing out from the first refrigerant tlow rate
control device 24 joins the low-temperature low-pressure
vapor-state refrigerant flowing out from the third refrigerant
branch portion 23 (point g shown in FIG. 9), passes through
the second extension piping 42, and flows 1nto the outdoor
heat exchanger 13. Then, the refrigerant absorbs heat from the
outdoor air 1n the outdoor heat exchanger 13, thereby becom-
ing a low-temperature low-pressure vapor-state refrigerant.
The change of the refrigerant at this time 1s expressed by a line
slightly inclined but substantially horizontal as shown from
the point g to a 1n FIG. 9. The low-temperature low-pressure
vapor-state refrigerant tflowing out from the outdoor heat
exchanger 13 tlows into the compressor 11 through the four-
way valve 12, and 1s compressed therein, thereby becoming a
high-temperature high-pressure refrigerant.

Subsequently, the flow of the refrigerant in the user-side
refrigerant circuit B will be described.

The water cooled by the heat source-side refrigerant flow-
ing in the intermediate heat exchanger 251 passes through the
pump 281 and flows into the indoor heat exchanger 311.
Then, the water absorbs heat from the indoor air 1n the indoor
heat exchanger 311 to cool down the interior of the room in
which the indoor unit 301 (the indoor heat exchanger 311) 1s
provided. Subsequently, the water flowing out from the
indoor heat exchanger 311 flows 1nto the imtermediate heat
exchanger 251.

The water heated by the heat source-side refrigerant tlow-
ing 1n the intermediate heat exchangers 252 and 2353 passes
through the pumps 282 and 283 and flows 1nto the indoor heat
exchangers 312 and 312. Then, the water dissipates heat into
the indoor air 1n the indoor heat exchangers 312 and 313 to
heat up the interior of the room 1n which the indoor units 302
and 303 (the indoor heat exchanger 313) are provided. Sub-
sequently, the water flowing out from the indoor heat
exchangers 312 and 313 flows into the intermediate heat
exchangers 252 and 253.

The air conditioning apparatus 1 configured 1n this manner
1s 1installed, for example, on a roof, a basement, or the like of
a building and the relay unit 20 1s installed, for example, 1n
shared spaces provided at each floor level in the building or
the like. In other words, the outdoor unit 10 and the relay unit
20 are installed 1n places other than spaces where people exist
(ltving spaces or spaces where people come and go, etc.).
Installed 1n the spaces where people exist are the user-side
refrigerant circuits B1-B3 in which the water circulates and
the mdoor umts 301-303. Therefore, the refrigerant whose
allowable concentration when leaking into a space 1s kept
under control can be prevented from leaking into the space
where people exist. Also, the cooling-heating simultaneous
operation of the indoor units 301-303 1s enabled.

Since the relay umt 20 1s separable from the mndoor units
301-303, the indoor units 301-303, the third extension piping
431-433, and the fourth extension piping 441-443 are reus-
able when the air conditioning apparatus 1 is installed instead
of equipment which has been using a water refrigerant pre-
viously.
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Also, since the circuit configuration which enables the
cooling-heating simultaneous operation of the imdoor units
301-303 1n the heat source-side refrigerant circuit A 1s pro-
vided 1n the relay unit 20, the outdoor unit 10 and the relay
unit can be connected by two arrangements of piping (the first
extension piping 41 and the second extension piping 42).
Theretore, reduction of the cost of a piping material and
reduction of the number of steps 1n installation are possible.

Although the type of the refrigerant as the heat source-side
refrigerant 1s not specified, the heat source-side refrigerant 1s
not limited 1n Embodiment 1, and various types of refriger-
ants can be used. For example, a non-azeotropic mixed refrig-
erant such as R4070, a pseudo-azeotropic mixed refrigerant
such as R410A, or a single refrigerant such as R22 may be
used. Natural refrigerants such as carbon dioxide, hydrocar-
bon may be used. Refrigerants having global warming coet-
ficients smaller than those of fluorocarbon refrigerants
(R407C, R410A, etc.), such as relrigerants containing tet-
rafluoropropene as a primary component, may be used. By
using the natural refrigerants or the refrigerants having the
global warming coelficients smaller than those of the chlo-
rofluorocarbon refrigerants as the heat source-side refriger-
ant, the glasshouse effect of the earth due to the refrigerant
leaking 1s eflectively prevented. In particular, since the car-
bon dioxide assumes a supercritical state on the high-pressure
side where the heat exchange 1s performed without conden-
sation, a configuration to cause the water and carbon dioxide
to be heat-exchanged 1n an opposed tlow system 1n the inter-
mediate heat exchangers 251-2353 improves the performance
of the heat exchange 1n the case of heating the water.

Although the water 1s used as the user-side refrigerant 1n
Embodiment 1, antifreeze solution, mixture of water anti-
freeze solution, or mixture of water and additive having a high
anticorrosive ellect may also be used. In thus configuration,
the leakage of refrigerant due to freezing or corrosion can be
prevented even at a low outside air temperature, so that a high
reliability 1s achieved. In the user-side refrigerant circuit B
installed 1 a room such as a computer room which dislikes
moisture, fluorinated nactive liquid having high heat insula-
tion properties may be used as the user-side refrigerant.

Furthermore, although the degree of opening of the first
refrigerant flow rate control device 24 1s fully closed during
operation 1n the cooling-dominated operation mode, an
operation 1n a state of slightly opened 1s also applicable. Part
of the high-pressure gas-liquid two-phase refrigerant flowing
out from the outdoor heat exchanger 13 flows 1nto the second
refrigerant branch portion 22, and the quantity of refrigerant
flowing 1n the intermediate heat exchanger 233 can be
restrained. Accordingly, generation of vibrations or refriger-
ant noise due to increase in flow rate of the refrigerant can be
restrained 1n the intermediate heat exchanger 253.

Although the three-way valves 261-263 are provided as the
refrigerant flow channel switching devices, two two-way
switching valves may be provided as the refrigerant tlow
channel switching devices. Although the three-way valve
having a bidirectional flow system has a complex sealing
structure and costs much, the air conditioming apparatus 1 can
be manufactured at a low cost by using inexpensive two-way
switching valve.

Although the four-way valve 12 1s provided on the dis-
charge side of the compressor 11 1n order to perform the
cooling operation mode and the heating operation mode 1n
Embodiment 1, the present imnvention can be implemented
even when the four-way valve 12 1s not provided 1f only one
of the operation modes 1s intended. By not providing the
four-way valve 12, the cooling operation mode or the heating
operation mode 1s disabled. However, the cooling-heating
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simultaneous operation of the indoor units 301-303 1s enabled
by the cooling-dominated operation mode or the heating-

dominated operation mode.

Although the detailed embodiments 1n the present imnven-
tion has been described thus far, the present invention 1s not
limited thereto, and various deformations and modifications
are possible without departing the scope and the spirit of the
present invention. For example, a mode 1n which the two
three-way switching valves are provided instead of the four-
way valve provided 1n the outdoor unit 10 1s also applicable.

Also, 1n the present invention, the term “unit” used 1n the
outdoor unit 10 and the indoor units 302 does not necessarily
mean that all the components are provided in an identical
housing or on an outer wall of the identical housing. For
example, a configuration in which a housing in which the first
refrigerant branch portion 21, the second refrigerant branch
portion 22, and the third refrigerant branch portion 23 of the
relay unit 20 are stored and a housing 1n which the pumps 28#
and the intermediate heat exchangers 23n are stored are
arranged at different positions 1s also included within the
scope of the present invention. Also, a configuration 1n which
a plurality of sets each made up of the outdoor heat exchanger
13 and the compressor 11 are provided in the outdoor unit 10,
and the heat source-side reirigerant tlowing out from the
respective sets 1s joined and caused to flow 1nto the relay unit
20 1s also applicable.

Since the mode 1n which the refrigerant which dissipates
heat while condensing is filled as the heat source-side refrig-
erant has been described in Embodiment described above,
when a refrigerant which dissipates heat 1n the supercritical
state such as carbon dioxide 1s filled in the heat source-side
refrigerant circuit A, the condenser operates as a radiator, and
the refrigerant 1s decreased in temperature while dissipating,
heat without concentration.

Embodiment 2

FIG. 10 1s a refrigerant circuit diagram of the air condition-
ing apparatus according to Embodiment 2 in the present
invention. The air conditioning apparatus 1 includes a refrig-
erant flow channel switching unit 50, a gas-liquid separating
device 61, bypass piping 62, and a third refrigerant flow rate
control device 63 1n the refrigerant circuit in the air condi-
tioning apparatus in Embodiment 1. A refrigerant which dis-
sipates heat while condensing 1s used 1n the heat source-side
refrigerant circuit A in the air conditioning apparatus 1. Here,
the refrigerant tlow channel switching unit 50 corresponds to
the third refrigerant tlow channel switching device in the
present 1nvention.

In Embodiment 2, items which are not specifically noted
are the same as those in Embodiment 1, and the same func-
tions and configurations will be described using the same
reference numerals.

The refrigerant flow channel switching unit 50 1s provided
in the outdoor unit 10, and includes a first check valve 51, a
second check valve 52, a third check valve 53, and a fourth
check valve 34. The first check valve 51 1s provided on piping
which connects the four-way valve 12 and the first extension
piping 41, and the heat source-side refrigerant flows only 1n
the direction toward the four-way valve 12. The second check
valve 52 1s provided on piping which connects the outdoor
heat exchanger 13 and the second extension piping 42, and the
heat source-side refrigerant flows only in the direction toward
the second refrigerant branch portion 22 and the third refrig-
erant branch portion 23. The third check valve 33 1s provided
on piping which connects an inlet side of the first check valve
51 and an inlet side of the second check valve 52, and the
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heat-side refrigerant flows only in the direction toward the
inlet side of the second check valve 52. The fourth check
valve 54 1s provided on piping which connects an outlet side
of the first check valve 51 and an outlet side of the second
check valve 52, and the heat-side refrigerant flows only in the
direction toward the outlet side of the second check valve 52.
With the provision of the refrigerant flow channel switching
unit 50 1n this configuration in the outdoor unit, the heat
source-side refrigerant being discharged from the compressor
11 always passes through the second extension piping 42 and
flows 1nto the relay unit 20, and the heat source-side refrig-
crant flowing out from the relay unit 20 always passes through
the first extension piping 41.

The branch piping 40 of the relay unit 20 1s provided with
the gas-liquid separating device 61. The gas-liquid separating
device 61 separates the heat source-side refrigerant flowing
therein from the outdoor unit 10 side 1nto a liquid-state refrig-
crant and a vapor-state refrigerant. The liquid-state refriger-
ant separated by the gas-liquid separating device 61 passes
through the first refrigerant tflow rate control device 24 and
flows 1nto the second refrigerant branch portion 22. The
vapor-state refrigerant separated by the gas-liquid separating,
device 61 tlows 1nto the third refrigerant branch portion 23.

The relay unit 20 1s provided with the bypass piping 62
which connects the first refrigerant branch portion 21 and the
third refrigerant branch portion 23. The bypass piping 62 1s
provided with the third refrigerant flow rate control device 63.

(Operating Actions)

Subsequently, operating actions of the air conditioning
apparatus 1 in Embodiment 2 will be described.

(Cooling Operation Mode)

First of all, the cooling operation mode will be described.

FI1G. 11 1s arefrigerant circuit diagram showing the tlow of
the refrigerant in the cooling operation mode of the air con-
ditioning apparatus according to Embodiment 2 1n the present
invention. FI1G. 12 1s a p-h diagram showing the change of the
heat source-side refrigerant in the cooling operation mode.

In FI1G. 11, piping 1llustrated 1n thick lines indicates piping
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-d shown 1n FI1G. 12 indicate the states of the
refrigerant at points indicated by reference signs a-d in FIG.
11, respectively.

When all the indoor units 301-303 perform the cooling
operation, the four-way valve 12 1s switched to allow the heat
source-side refrigerant being discharged from the compressor
11 to flow toward the outdoor heat exchanger 13. In other
words, the four-way valve 12 1s switched to allow the heat
source-side refrigerant being discharged from the first refrig-
erant branch portion 21 of the relay unit 20 to pass through the
first extension piping 41 and the first check valve 51 and to
flow 1nto the compressor 11. The three-way valves 261-263
are switched to allow the respective intermediate heat
exchangers 251-253 to communicate with the first refrigerant
branch portion 21. The respective second refrigerant flow rate
control devices 271-273 reduces the degrees of openings
thereod. The first refr gerant flow rate control device 24 con-
trols the degree of opening thereof to a fully opened state. The
third refmgerant flow rate control device 63 controls the
degree of opening thereot to a fully closed state. In this state,
the operations of the compressor 11 and the pumps 281-283
are started.

The flow of the refrigerant 1n the heat source-side refriger-
ant circuit A will be described. The low-temperature low-
pressure vapor-state refrigerant 1s compressed by the com-
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pressor 11 and 1s discharged as the high-temperature high-
pressure refrigerant. A refrigerant compression process of the
compressor 11 1s expressed by an 1sentropic curve as shown
from the point a to b 1n FIG. 12 on the assumption that heat
entry and exit with respect to the periphery does not occur.
The high-temperature high-pressure refrigerant being dis-
charged from the compressor 11 passes through the four-way
valve 12 and tlows 1nto the outdoor heat exchanger 13. Then,
the refrigerant 1s transformed into condensed liquid while
dissipating heat to the outdoor air, thereby becoming a high-
pressure liquid-state refrigerant. The change of the refrigerant
in the outdoor heat exchanger 13 1s performed under a sub-
stantially constant pressure. The change of the refrigerant at
this time 1s expressed by a line slightly inclined but substan-
tially horizontal as shown from the point b to ¢ in FIG. 12
when considering the pressure loss of the outdoor heat
exchanger 13.

The high-pressure liquid-state refrigerant flowing out from
the outdoor heat exchanger 13 passes through the second
check valve 52, the second extension piping 42, the gas-liquid
separating device 61, and the first refrigerant flow rate control
device 24 and flows into the second refrigerant branch portion
22. The high-pressure liquid-state refrigerant flowing into the
second refrigerant branch portion 22 i1s branched from the
second refrigerant branch portion 22 and flows into the sec-
ond refrigerant flow rate control devices 271-273. Then, the
high-pressure liquid-state refrigerant 1s restricted and then 1s
expanded (decompressed) in the second refrigerant flow rate
control devices 271-273, thereby assuming a low-tempera-
ture low-pressure gas-liquid two-phase state. The changes of
the refrigerant in the second refrigerant flow rate control
devices 271-273 are performed under a constant enthalpy.
The change of the refrigerant at this time 1s expressed by a
vertical line as shown from the point ¢ to d 1n FIG. 12.

The low-temperature low-pressure refrigerant 1in the gas-
liquid two-phase state flowing out from the second refrigerant
flow rate control devices 271-273 flows into the intermediate
heat exchangers 251-253, respectively. Then, the refrigerant
absorbs heat from the water flowing in the intermediate heat
exchangers 251-253, thereby becoming a low-temperature
low-pressure vapor-state reirigerant. The changes of the
refrigerant in the intermediate heat exchangers 251-253 are
performed under a substantially constant pressure. The
change of the refrigerant at this time 1s expressed by a line
slightly inclined but substantially horizontal as shown from
the point d to a 1n FIG. 12 when considering the pressure loss
of the intermediate heat exchangers 251-253.

The low-temperature low-pressure vapor-state refrigerant
flowing out from the intermediate heat exchangers 251-253
passes through the three-way valves 261-263 respectively,
and flow into the first refrigerant branch portion 21. The
low-temperature low-pressure vapor-state refrigerant joining
in the first refrigerant branch portion 21 flows into the com-
pressor 11 through the first extension piping 41, the first
check valve 51, and the four-way valve 12, and 1s compressed
therein.

Since the flow of the refrigerant 1n the user-side refrigerant
circuit B 1s the same as that in Embodiment 1, and hence
description will be omitted 1n Embodiment 2.

(Heating Operation Mode)

Subsequently, the heating operation mode will be
described.

FIG. 13 1s arefrnigerant circuit diagram showing the flow of
the refrigerant in the heating operation mode of the air con-
ditioning apparatus according to Embodiment 2 1n the present
invention. FIG. 14 1s a p-h diagram showing the change of the
heat source-side refrigerant in the heating operation mode.
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In FIG. 13, piping illustrated 1n thick lines indicates piping
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-d shown 1n FI1G. 14 1ndicate the states of the
refrigerant at points indicated by reference signs a-d 1n FIG.
13, respectively.

When all the indoor umits 301-303 perform the heating
operation, the four-way valve 12 1s switched to allow the heat
source-side refrigerant being discharged from the compressor
11 to pass through the fourth check valve 52 and the second
extension piping 42 and to flow mto the third refrigerant
branch portion 23 of the relay unit 20. In other words, 1t 1s
switched to allow the heat source-side refrigerant flowing out
from the outdoor heat exchanger 13 to flow mto the compres-
sor 11. The three-way valves 261-263 are switched to allow
the respective intermediate heat exchangers 251-253 to com-
municate with the third refrigerant branch portion 23. The
respective second refrigerant flow rate control devices 271 -
2773 restrict the degrees of the openings thereol. The first
refrigerant flow rate control device 24 reduces the degree of
opening thereot to a fully closed state. The third refrigerant
flow rate control device 63 increases the degree of opening
thereot to a fully opened state. In this state, the operations of
the compressor 11 and the pumps 281-283 are started.

The tflow of the refrigerant 1n the heat source-side refriger-
ant circuit A will be described. The low-temperature low-
pressure vapor-state refrigerant 1s compressed by the com-
pressor 11 and 1s discharged as the high-temperature high-
pressure refrigerant. The refrigerant compression process of
the compressor 11 1s expressed by an 1sentropic curve as
shown from the point a to b 1n FIG. 14. The high-temperature
high-pressure refrigerant being discharged from the compres-
sor 11 passes through the four-way valve 12, the fourth check
valve 54, the second extension piping 42, and the gas-liquid
separating device 61 and flows into the first refrigerant branch
portion 23. The high-temperature high-pressure refrigerant
flowing into the third refrigerant branch portion 23 1is
branched from the third refrigerant branch portion 23, passes
through the three-way valves 261-263, and flows into the
intermediate heat exchangers 2351-253, respectively. Then,
the refrigerant 1s transformed into condensed liquid while
dissipating heat to the water flowing 1n the intermediate heat
exchangers 251-253, thereby becoming a high-pressure l1g-
uid-state refrigerant. The change of the refrigerant at this time
1s expressed by a line slightly inclined but substantially hori-
zontal as shown from the point b to ¢ 1n FIG. 14.

The high-pressure liquid-state refrigerant tlowing out from
the intermediate heat exchangers 251-253 flows 1nto the sec-
ond refrigerant flow rate control devices 271-273. Then, the
high-pressure liquid-state refrigerant 1s throttled to be
expanded (decompressed) 1n the second refrigerant flow rate
control devices 271-273, thereby turning into a low-tempera-
ture low-pressure gas-liquid two-phase state. The change in
the refrigerant at this time 1s expressed by a vertical line as
shown from the point ¢ to d in FIG. 14. The low-temperature
low-pressure gas-liquid two-phase state refrigerant flowing
out from the second refrigerant flow rate control devices
271-273 flows 1nto the second refrigerant branch portion 22.
The gas-liquid two-phase state refrigerant joined 1n the sec-
ond refrigerant branch portion 22 passes through the bypass
piping 62 and the third refrigerant flow rate control device 63
and tlows into the first refrigerant branch portion 21. Subse-
quently, the refrigerant passes through the first extension
piping 41 and the third check valve 33 and flows into the
outdoor heat exchanger 13. Then, the refrigerant absorbs heat
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from the outdoor air in the outdoor heat exchanger 13, thereby
becoming a low-temperature low-pressure vapor-state refrig-
crant. The change 1n the refrigerant at this time 1s expressed
by a slightly inclined but substantially horizontal line as
shown from the point d to a in FIG. 14. The low-temperature
low-pressure vapor-state refrigerant flowing out from the out-
door heat exchanger 13 flows into the compressor 11 through
the four-way valve 12, and 1s compressed to turn into a high-
temperature high-pressure refrigerant.

Since the flow of the refrigerant 1n the user-side refrigerant
circuit B 1s the same as that in Embodiment 1, and hence
description will be omitted 1n Embodiment 2.

(Cooling-Dominated Operation Mode)

Subsequently, the cooling-dominated operation mode will
be described.

FIG. 15 1s a refrigerant circuit diagram showing the flow of
the refrigerant i the cooling-dominated operation mode of
the air conditioning apparatus according to Embodiment 2 in
the present invention. FIG. 16 1s a p-h diagram showing the
change of the heat source-side refrigerant 1n the cooling-
dominated operation mode.

In FIG. 15, piping 1llustrated in thick lines indicates piping,
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-g shown 1n FI1G. 16 indicate the states of the
refrigerant at points indicated by reference signs a-g in FIG.
15, respectively.

A case where the indoor units 301 and 302 perform the
cooling operation and the indoor unit 303 performs the heat-
ing operation will be described. The four-way valve 12 1s
switched to allow the heat source-side refrigerant being dis-
charged from the compressor 11 to flow toward the outdoor
heat exchanger 13. In other words, the four-way valve 12 1s
switched to allow the heat source-side refrigerant being dis-
charged from the first refrigerant branch portion 21 of the
relay unit 20 to pass through the first extension piping 41 and
the first check valve 51 and to flow into the compressor 11.
The three-way valves 261 and 262 are switched to allow the
intermediate heat exchangers 251 and 2352 to communicate
with the first refrigerant branch portion 21. The three-way
valve 263 1s switched to allow the intermediate heat
exchanger 2353 to communicate with the third refrigerant
branch portion 23. The second refrigerant flow rate control
devices 271 and 272 restrict the degrees of openings thereof
and the second refrigerant flow rate control device 273
increases the degree of opening thereof to a fully opened state.
The first refrigerant tlow rate control device 24 restricts the
degree of opening so as to separate the heat source-side refrig-
erant into the liquid-state refrigerant and the vapor-stat refrig-
erant 1n the gas-liquid separating device 61. The third refrig-
erant tlow rate control device 63 reduces the degree of
opening thereol to a fully closed state. In this state, the opera-
tions of the compressor 11 and the pumps 281-283 are started.

The tlow of the refrigerant 1n the heat source-side refriger-
ant circuit A will be described. The low-temperature low-
pressure vapor-state refrigerant 1s compressed by the com-
pressor 11 and 1s discharged as the high-temperature high-
pressure refrigerant. The refrigerant compression process of
the compressor 11 1s expressed by an 1sentropic curve as
shown from the point a to b 1n FIG. 16. The high-temperature
high-pressure refrigerant being discharged from the compres-
sor 11 passes through the four-way valve 12 and flows into the
outdoor heat exchanger 13. Then, the relfrigerant condenses
while dissipating heat to the outdoor air 1n the outdoor heat
exchanger 13, thereby becoming a high-pressure gas-liquid
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two-phase state refrigerant. The change of the refrigerant at
this time 1s expressed by a line slightly inclined but substan-
tially horizontal as shown from the point b to ¢ in FIG. 16.

The high-pressure gas-liquid two-phase refrigerant flow-
ing out from the outdoor heat exchanger 13 passes through the
second check valve 52 and the second extension piping 42 and
flows into the gas-liquid separating device 61. Then, the
refrigerant 1s separated 1nto the vapor-state refrigerant (point
d) and the liquid-state refrigerant (point ¢) 1n the gas-liqud
separating device 61.

The vapor-stat refrigerant (point d) separated in the gas-
liquid separating device 61 passes through the third refriger-
ant branch portion 23 and the three-way valve 263 and flows
into the intermediate heat exchanger 253. Then, the refriger-
ant condenses while dissipating heat to the water flowing 1n
the intermediate heat exchanger 253, thereby becoming a
gas-liquid two-phase state reifrigerant. The change of the
refrigerant at this time 1s expressed by a line slightly inclined
but substantially horizontal as shown from the pontd to {in
FIG. 16. The gas-liquid two-phase state refrigerant flowing
out from the intermediate heat exchanger 233 passes through
the second refrigerant tlow rate control device 273 and flows
into the second retrigerant branch portion 22.

In contrast, the liquid-state refrigerant (point e) separated
in the gas-liqud separating device 61 flows into the first
refrigerant flow rate control device 24. Then, the liquid-state
refrigerant is restricted and then 1s expanded (decompressed)
in the first refrigerant tlow rate control device 24, thereby
becoming a gas-liquid two-phase sate refrigerant. The change
of the refrigerant at this time 1s expressed by a vertical line as
shown from the point e to 1 1n FIG. 16. The gas-liquid two-
phase state refrigerant flowing out from the first refrigerant
flow rate control device 24 tlows into the second refrigerant
branch portion 22, and joins the gas-liquid two-phase state
refrigerant flowing therein from the intermediate heat
exchanger 253 (point 1).

The gas-liquid two-phase state refrigerant flowing into the
second refrigerant branch portion 22 1s branched from the
second refrigerant branch portion 22 and flows into the sec-
ond refrigerant flow rate control devices 271 and 272. Then,
the gas-liquid two-phase state refrigerant 1s restricted and
then 1s expanded (decompressed) 1n the second refrigerant
flow rate control devices 271 and 272, thereby assuming a
low-temperature low-pressure gas-liquid two-phase state.
The change of the refrigerant at this time 1s expressed by a
vertical line as shown from the point { to g 1n FIG. 16.

The low-temperature low-pressure gas-liquid two-phase
state refrigerant flowing out from the second refrigerant tlow
rate control devices 271 and 272 tflows into the intermediate
heat exchangers 251 and 252, respectively. Then, the refrig-
erant absorbs heat from the water flowing in the intermediate
heat exchangers 251 and 252, thereby becoming low-tem-
perature low-pressure vapor-state refrigerant. The change of
the refrigerant at this time 1s expressed by a line slightly
inclined but substantially horizontal as shown from the point
g to a in FIG. 16.

The low-temperature low-pressure vapor-state refrigerant
flowing out from the intermediate heat exchangers 251 and
252 passes through the three-way valves 261 and 262 respec-
tively, and flows into the first refrigerant branch portion 21.
The low-temperature low-pressure vapor-state relrigerant
joined 1n the first refrigerant branch portion 21 flows 1nto the
compressor 11 through the first extension piping 41, the first
check valve 51, and the four-way valve 12, and 1s compressed
therein.
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Since the flow of the refrigerant in the user-side refrigerant
circuit B 1s the same as that in Embodiment 1, and hence

description will be omitted 1n Embodiment 2.
(Heating-Dominated Operation Mode)
Subsequently, the heating-dominated operation mode will

be described.

FIG. 17 1s arefnigerant circuit diagram showing the flow of
the refrigerant 1n the heating-dominated operation mode of
the air conditioning apparatus according to Embodiment 2 in
the present invention. FI1G. 18 1s a p-h diagram showing the
change of the heat source-side refrigerant in the heating
operation mode.

In FIG. 17, piping 1llustrated in thick lines indicates piping,
in which the refrigerant circulates. Then, the direction of flow
ol the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-g shown 1n FIG. 18 indicate the states of the
refrigerant at points indicated by reference signs a-g in FIG.
17, respectively.

A case where the indoor unit 301 performs the cooling
operation and the indoor units 302 and 303 perform the heat-
ing operation will be described. The four-way valve 12 1s
switched to allow the heat source-side refrigerant being dis-
charged from the compressor 11 to pass through the second
check valve 52 and the second extension piping 42 and to flow
into the third retrigerant branch portion 23 of the relay unit 20.
In other words, the four-way valve 12 1s switched to allow the
heat source-side refrigerant flowing out from the outdoor heat
exchanger 13 to tlow into the compressor 11. The three-way
valve 261 1s switched to allow the intermediate heat
exchanger 251 to communicate with the first refrigerant
branch portion 21. Also, the three-way valves 262 and 263 are
switched to allow the intermediate heat exchangers 2352 and
2353 to communicate with the third refrigerant branch portion
23. The second reifrigerant flow rate control devices 271
restricts the degree of opening thereof and the second refrig-
erant tlow rate control devices 272 and 273 increase the
degrees of openings thereot to a fully opened state. The first
refrigerant flow rate control device 24 reduces the degree of
opening thereof to a fully closed state. The third refrigerant
flow rate control device 63 restricts the degree of opening
thereof to allow part of the heat source-side refrigerant flow-
ing into the second refrigerant branch portion 22 to flow to the
bypass piping 62. In this state, the operations of the compres-
sor 11 and the pumps 281-283 are started.

The flow of the refrigerant 1n the heat source-side refriger-
ant circuit A will be described. The low-temperature low-
pressure vapor-state refrigerant 1s compressed by the com-
pressor 11 and 1s discharged as the high-temperature high-
pressure refrigerant. The refrigerant compression process of
the compressor 11 1s expressed by an 1sentropic curve as
shown from the point a to b 1n FIG. 18. The high-temperature
high-pressure refrigerant being discharged from the compres-
sor 11 passes through the fourth check valve 54, the second
extension piping 42, and the gas-liquid separating device 61
and flows 1nto the third refrigerant branch portion 23. The
high-temperature high-pressure refrigerant flowing into the
third refrigerant branch portion 23 1s branched from the third
refrigerant branch portion 23, passes through the three-way
valves 262 and 263, and flows 1nto the intermediate heat
exchangers 252 and 253, respectively. Then, the refrigerant 1s
transformed into condensed liquid while dissipating heat to
the water flowing in the intermediate heat exchangers 252 and
2353, thereby becoming a high-pressure liquid-state refriger-
ant. The change of the refrigerant at this time 1s expressed by




US 8,820,106 B2

23

a line slightly inclined but substantially horizontal as shown
from the point b to ¢ 1n FIG. 18.

The high-pressure liquid-state refrigerant tlowing out from
the mntermediate heat exchangers 252 and 233 passes through
the second refrigerant flow rate control devices 272 and 273
and tlow 1nto the second refrigerant branch portion 22. Part of
the high-pressure liquid-state refrigerant joining in the sec-
ond refrigerant branch portion 22 flows 1nto the second refrig-
erant flow rate control device 271. Then, the high-pressure
liquid-state refrigerant is restricted and then 1s expanded (de-
compressed) in the second refrigerant flow rate control device
271, thereby assuming a low-temperature low-pressure gas-
liquid two-phase state. The change of the refrigerant at this
time 1s expressed by a vertical line as shown from the point ¢
to d 1n FIG. 18. The low-temperature low-pressure gas-liquid
two-phase state refrigerant flowing out from the second
refrigerant flow rate control device 271 flows 1nto the inter-
mediate heat exchanger 251. Then, the refrigerant absorbs
heat from the water flowing in the intermediate heat
exchanger 251, thereby becoming a low-temperature low-
pressure vapor-state refrigerant. The change of the refrigerant
at this time 1s expressed by a line slightly inclined but sub-
stantially horizontal as shown from the point d to e in FIG. 18.
The low-temperature low-pressure vapor-state reifrigerant
flowing out from the intermediate heat exchanger 251 passes
through the three-way valves 261 and flows into the first
refrigerant branch portion 21.

In contrast, remaining part of the high-pressure liquid-state
refrigerant flowing out from the intermediate heat exchangers
252 and 253 into the second refrigerant branch portion 22
flows 1nto the third refrigerant flow rate control device 63.
Then, the high-pressure liquid-state refrigerant 1s restricted
and then 1s expanded (decompressed) in the third refrigerant
flow rate control device 63, thereby assuming a low-tempera-
ture low-pressure gas-liquid two-phase state. The change of
the refrigerant at this time 1s expressed by a vertical line as
shown from the point ¢ to 11n FIG. 18. The low-temperature
low-pressure gas-liquid two-phase state refrigerant flowing
out from the third refrigerant flow rate control device 63 flows
into the first refrigerant branch portion 21, and joins the
low-temperature low-pressure vapor-state refrigerant flowing
therein from the intermediate heat exchanger 251 (point g).

The low-temperature low-pressure gas-liquid two-phase
state refrigerant flowing out from the first refrigerant branch

portion 21 passes through the first extension piping 41 and the
third check valve 53 and flows into the outdoor heat
exchanger 13. Then, the refrigerant absorbs heat from the
outdoor air 1n the outdoor heat exchanger 13, thereby becom-
ing a low-temperature low-pressure vapor-state refrigerant.
The change of the refrigerant at this time 1s expressed by a line
slightly inclined but substantially horizontal as shown from
the point g to a 1n FIG. 18. The low-temperature low-pressure
vapor-state refrigerant flowing out from the outdoor heat
exchanger 13 flows 1nto the compressor 11 through the four-
way valve 12, and 1s compressed therein, thereby becoming a
high-temperature high-pressure refrigerant.

Since the flow of the refrigerant in the user-side refrigerant
circuit B 1s the same as that in Embodiment 1, and hence
description will be omitted 1n Embodiment 2.

In the air conditioning apparatus 1 configured in this man-
ner, since the refrigerant tflow channel switching unit 50 1s
provided in the outdoor unit 10, the heat source-side refrig-
crant being discharged from the compressor 11 always passes
through the second extension piping 42 and flows 1nto the
relay unit 20, and the heat source-side refrigerant flowing out
from the relay unit 20 always passes through the first exten-
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sion piping 41. Therefore, the thickness of the first extension
piping 41 can be reduced, and hence equipment cost can be

reduced.

Furthermore, since the gas-liquid separating device 61 1s
provided 1n the branch piping 40, only the vapor-state refrig-
crant can be supplied to the intermediate heat exchangers 25#
in the cooling-dominated operation. Therefore, improvement
of operating efliciency of the air conditioning apparatus 1s
achieved.

Although the type of refrigerant as the heat source-side
refrigerant 1s not specified in Embodiment 2 as well, the heat
source-side refrigerant 1s not limited, and various types of
refrigerants can be used. For example, the non-azeotropic
mixed refrigerant such as R407C, the pseudo-azeotropic
mixed refrigerant such as R410A, or the single refrigerant
such as R22 may be used. The natural refrigerants such as
carbon dioxide or hydrocarbon may be used. The refrigerants
having global warming coellicients smaller than those of the
fluorocarbon refrigerants (R407C, R410A, etc.), such as the
refrigerants containing tetratfluoropropene as a primary com-
ponent, may be used. By using the natural refrigerants or the
refrigerants having the global warming coetiicients smaller
than that of the chlorofluorocarbons refrigerant, the glass-
house ettect of the earth due to the refrigerant leaking can be
elfectively prevented. In particular, since the carbon dioxide
performs the heat exchange without condensation under a
supercritical state at a high-pressure side, a configuration to
cause the water and carbon dioxide to be heat-exchanged 1n
the opposed flow system 1n the intermediate heat exchangers
251-253 improves the performance of the heat exchange 1n
the case of heating the water.

Although water 1s used as the user-side refrigerant in
Embodiment 2 as well, the antifreeze solution, the mixture of
water and antifreeze solution, or the mixture of water and
additive having the high anticorrosive effect may also be
used. In this configuration, the leakage of refrigerant due to
freezing or corrosion can be prevented even at a low outside
air temperature, so that a high reliability 1s achieved. In the
user-side refrigerant circuit B installed in the room such as
computer rooms which dislike moisture, the fluorinated 1nac-
tive liguid having high heat insulation properties may be used
as the user-side refrigerant.

Although the three-way valves 261-263 are provided as the
refrigerant flow channel switching devices, the two two-way
switching valves may be provided as the refrigerant tlow
channel switching device. Although the three-way valve hav-
ing the bidirectional flow system has a complex sealing struc-
ture and costs much, the air conditioning apparatus 1 can be
manufactured at a low cost by using inexpensive two-way
switching valve.

Embodiment 3

Although the flow rate of the water tlowing 1n the user-side
refrigerant circuits B1-B3 1s not controlled in Embodiment 1
and Embodiment 2, the user-side refrigerant circuits B1-B3
may be configured to control the flow rate of the water flowing
in the user-side refrigerant circuits B1-B3.

FIG. 19 1s a refrigerant circuit diagram of the air condition-
ing apparatus according to Embodiment 3 in the present
invention. The air conditioning apparatus 1 1s provided with
first temperature sensors 641-643, the second temperature
sensors 651-653, and inverters 661-663 1in the user-side
refrigerant circuit in the air conditioning apparatus 1 shown in
Embodiment 1. Here, the inverters 661-663 correspond to the
fourth refrigerant flow rate control device in the present
ivention.
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The first temperature sensors 641-643 are provided 1n the
inlet-side piping (relay unit side) of the indoor heat exchang-
ers 311-313 respectively for detecting the temperature of the
water flowing into the indoor heat exchangers 311-313. The
second temperature sensors 651-653 are provided 1n the out-
let-side piping (relay unit side) of the indoor heat exchangers
311-313 respectively for detecting the temperature of the
water flowing out from the indoor heat exchangers 311-313.
The mverters 661-663 are provided in the pumps 281-283
respectively for adjusting the flow rate of the water flowing in
the user-side refrigerant circuits B1-B3.

Although the first temperature sensors 641-643 are pro-
vided on the intake sides of the pumps 281-283 1n Embodi-
ment 3, the first temperature sensors 641-643 may be pro-
vided on the discharge sides of the pumps 281-283. In other
words, what 1s essential 1s to detect the temperature of the
water flowing into the imndoor heat exchangers 311-313.

(Operating Actions)

Subsequently, an example of the operating actions of the
first temperature sensors 641-643, the second temperature
sensors 651-653, and the inverters 661-663 will be described.
The operating actions of the first temperature sensors 641-
643, the second temperature sensors 651-653, and the invert-
ers 661-663 are the same 1n the respective user-side refriger-
ant circuits B1-B3, the user-side refrigerant circuit B 1s used
tor the description of the operating action.

When the indoor unit 301 starts the operation, the first
temperature sensor 641 detects the temperature (hereinaftter,
referred to as T1) of the water flowing into the imndoor heat
exchanger 311. The second temperature sensor 651 detects
the temperature (heremafter, referred to as 12) of the water
flowing out from the indoor heat exchanger 311. The inverter
661 adjusts the discharge of the pump 281 (that 1s, the flow
rate of the user-side refrigerant circuit B) on the basis of the
values of T1 and T2. The tflow rate of the inverter 66 may be
adjusted according to the air volume of a fan (not shown)
provided 1n the indoor unit, for example.

(Cooling Operation)

First of all, a case where the indoor unit 301 performs the
cooling operation will be described.

When the detected valve T1 of the first temperature sensor
641 1s higher than a predetermined temperature T3, the
inverter 661 increases the discharge of the pump 281 (that 1s,
the flow rate of the user-side refrigerant circuit B) 1n order to
increase the quantity of heat exchange between the water and
the heat source-side refrigerant in the intermediate heat
exchanger 251. When the detected valve T1 of the first tem-
perature sensor 641 1s lower than the predetermined tempera-
ture T3, the inverter 661 decreases the discharge of the pump
281 (that1s, the flow rate of the user-side refrigerant circuit B)
in order to restrain an excessive heat exchange between the
water and the heat source-side refrigerant 1n the intermediate
heat exchanger 251.

Here, the predetermined temperature T3 1s a value deter-
mined by, for example, a set temperature of the indoor unit
301, a temperature preset 1n the air conditioning apparatus 1,
a value calculated on the basis of these 1tems of temperature
information (for example, differential temperature or the
like), the air volume of the fan (not shown) provided 1n the
indoor unit 301, or a correction temperature calculated from
these temperatures and the air volume of the fan.

When the detected valve T2 of the second temperature
sensor 651 1s higher than a predetermined temperature T4, the
iverter 661 increases the discharge of the pump 281 (that 1s,
the tlow rate of the user-side refrigerant circuit B) 1n order to
increase the quantity of heat exchange between the water and
the mdoor air in the indoor heat exchanger 311. When the
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detected valve T2 of the second temperature sensor 651 1s
lower than the predetermined temperature 14, the inverter
661 decreases the discharge of the pump 281 (that 1s, the flow
rate of the user-side refrigerant circuit B) in order to restrain
the excessive heat exchange between the water and the indoor
air 1n the indoor heat exchanger 311.

Here, the predetermined temperature T4 1s a value deter-
mined by, for example, the set temperature of the indoor unit
301, the temperature preset 1n the air conditioning apparatus
1, the value calculated on the basis of these 1tems of tempera-
ture information (for example, the differential temperature or
the like), the air volume of the fan (not shown) provided 1n the
indoor unit 301, or the correction temperature calculated from
these temperatures and the air volume of the fan.

(Heating Operation)

Subsequently, a case where the indoor unit 301 performs
the heating operation will be described.

When the detected valve T1 of the first temperature sensor
641 1s lower than a predetermined temperature 15, the
iverter 661 increases the discharge of the pump 281 (that 1s,
the tlow rate of the user-side refrigerant circuit B) 1n order to
increase the quantity of heat exchange between the water and
the heat source-side reifrigerant in the intermediate heat
exchanger 251. When the detected valve T1 of the first tem-
perature sensor 641 1s higher than the predetermined tem-
perature T3, the mverter 661 decreases the discharge of the
pump 281 (that 1s, the flow rate of the user-side refrigerant
circuit B) 1n order to restrain the excessive heat exchange
between the water and the heat source-side refrigerant in the
intermediate heat exchanger 251.

Here, the predetermined temperature T5 1s a value deter-
mined by, for example, the set temperature of the indoor unit
301, the temperature preset 1n the air conditioning apparatus
1, the value calculated on the basis of these 1tems of tempera-
ture information (for example, the differential temperature or
the like), the air volume of the fan (not shown) provided 1n the
indoor unit 301, or the correction temperature calculated from
these temperatures and the air volume of the fan.

When the detected valve 12 of the second temperature
sensor 651 1s lower than a predetermined temperature 16, the
inverter 661 increases the discharge of the pump 281 (that 1s,
the flow rate of the user-side refrigerant circuit B) in order to
increase the quantity of heat exchange between the water and
the indoor air 1n the indoor heat exchanger 311. When the
detected valve T2 of the second temperature sensor 651 1s
higher than the predetermined temperature 16, the inverter
661 decreases the discharge of the pump 281 (that 1s, the tlow
rate of the user-side refrigerant circuit B) 1n order to restrain
the excessive heat exchange between the water and the indoor
air 1n the indoor heat exchanger 311.

Here, the predetermined temperature 16 1s a value deter-
mined by the set temperature of the indoor unit 301, the
temperature preset 1n the air conditioning apparatus 1, the
value calculated on the basis of these items of temperature
information (for example, the differential temperature or the
like), the air volume of the fan (not shown) provided 1n the
indoor unit 301, or the correction temperature calculated from
these temperatures and the air volume of the fan.

Although the inverter 661 adjusts the flow rate of the water
flowing in the user-side refrigerant circuit B1 using both the
detected valve T1 and the detected valve T2 in Embodiment 3,
the flow rate of the water tlowing 1n the user-side refrigerant
circuit B1 may be adjusted one of the detected valve T1 and
the detected valve 12. It 1s also possible to adjust the tlow rate
of the water tlowing in the user-side refrigerant circuit B1 on
the basis of the set temperature of the indoor unit 301, the air
volume of the fan (not shown) provided 1n the indoor unit 301
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or the like without using the detected valve T1 and the
detected valve 12. The same advantages are obtained also by

providing pressure sensors instead of the first temperature
sensors 641-643 and the second temperature sensors 651-653
and adjusting the flow rate of the water tlowing 1n the user-
side refrigerant circuit B1 according to the pressure differ-
ences or the like at outlet and 1nlet ports of the pumps 281-
283.

In the air conditioning apparatus 1 in this configuration, the
flow rate of the water can be controlled according to a heat
load of the indoor units 301-303, so that motive power of the
pumps 281-283 may be reduced.

In contrast to a multi-chamber type air conditioning appa-
ratus 1n the related art, it 1s not necessary to provide the
refrigerant tlow rate control devices (for example, a restrictor
in Patent Document 2) in the indoor units 301-303. Therefore,
noise from the indoor unit can be reduced.

In the multi-chamber type air conditioning apparatus in the
related art, the room temperature 1s adjusted by detecting the
temperature of the refrigerant flowing into the indoor heat
exchanger and the temperature of the refrigerant flowing out
from the outdoor heat exchanger, and controlling the amount
of restriction 1n the refrigerant flow rate control device on the
basis of these temperatures. Therefore, 1n order to adjust the
room temperature, communications between the relay unit
and the mndoor units are needed 1n addition to the communi-
cations between the outdoor unit and the relay unit. However,
according to the air conditioning apparatus in Embodiment 3,
the temperature adjustment 1n the room 1s achieved only by
controlling the discharge of the pumps 281-283 (that 1s, the
flow rate of the user-side refrigerant circuits B1-B3) on the
basis of the detected values (11 and T2) of the first tempera-
ture sensors 641-643 and the second temperature sensors
651-653 provided 1n the relay unit 20. Therefore, the com-
munications between the relay unit 20 and the indoor units
301-303 for adjustment of the room temperature are not
needed, so that the control of the air conditioning apparatus 1
can be simplified.

Although the inverters 661-663 are used as the fourth
refrigerant flow rate control device in Embodiment 3, other
configurations may be employed. For example, bypass piping
which connects refrigerant inlet-side piping and refrigerant
outlet-side piping of the indoor heat exchangers 311-313 may
be provided. The tlow rate of the user-side refrigerant flowing,
into the indoor heat exchangers 311-313 can be adjusted by
providing a tlow rate control valve or the like 1n the bypass
piping and controlling the flow rate of the refrigerant 1n the
bypass piping. Also, for example, the flow rate of the water
flowing 1n the user-side refrigerant circuits B1-B3 may be
adjusted by making up the pumps 281-283 of a plurality of
pumps and changing the number of the pumps to be operated.

As described thus far, although strainers for catching
refuses 1in the water, expansion tanks for preventing the piping
from breaking due to the expansion of the water, constant
pressure valves for adjusting the discharge pressures of the
pumps 281-283 and the like are not provided 1n the user-side
refrigerant circuits B1-B3, such auxiliary devices for prevent-
ing the valves 1n the pumps 281-283 from being clogged may
be provided.

Embodiment 4

In Embodiment 4, an example of a method of installing the
air conditioning apparatus 1 shown i Embodiment 1 to
Embodiment 3 1n a building will be described.

FI1G. 20 1s a schematic installation drawing of the air con-
ditioning apparatus 1n Embodiment 4. The outdoor unit 10 1s
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installed on the roof of a building 100. The relay umt 20 is
installed 1n a shared space 121 provided on a first floor of the

building 100. Then, four pieces of the mndoor umts 301-304
are 1nstalled 1n a living space 111 provided on the first floor of
the building 100. In the same manner, the relay units 20 are
installed 1n shared spaces 122 and 123 on a second floor and
a third tloor of the building 100, and four pieces of the indoor
units 301-304 are installed in living spaces 112 and 113. Here,
the term “‘shared spaces 127 means a mechanical room, a
shared corridor, a lobby, and the like provided on each floor of
the building 100. In other words, the shared spaces 127z mean
spaces other than the living space 11z provided 1n the respec-
tive floors of the building 100.

The relay units 20 installed 1n the shared spaces on the
respective floors are connected to the outdoor unit 10 by the
first extension piping 41 and the second extension piping 42
provided 1n a piping-installed space 130. The imdoor units
301-304 installed 1n the living spaces on the respective tloors
are connected to the relay umts 20 installed in the shared
spaces on the respective tloors by the third extension piping
431-434 and the fourth extension piping 441-444.

In the air conditionming apparatus 1 configured in this man-
ner, since the water flows in the piping installed 1n the living
spaces 111-113, the refrigerant whose allowable concentra-
tion when leaking into a space 1s kept under control can be
prevented from leaking into the living spaces 111-113. Also,
the cooling-heating simultaneous operation of the indoor
units 301-304 on the respective floors 1s enabled.

Also, since the outdoor unit 10 and the relay units 20 are
provided in places other than the living space, maintenance
may be performed easily.

Since the relay umt 20 1s separable from the indoor units
301-304, the indoor units 301-304, the third extension piping
431-434, and the fourth extension piping 441-444 are reus-
able when the air conditioning apparatus 1 1s installed instead
of equipment which has been using the water refrigerant
previously.

The outdoor unit 10 does not have to be installed on the roof
of the building 100 and, for example, the basement or the
mechanical rooms on the respective floors may also be appli-
cable.

Embodiment 5

FI1G. 21 1s arefrigerant circuit diagram of the air condition-
ing apparatus according to Embodiment 5 in the present
invention.

The air conditioning apparatus 1 includes the heat source-
side refrigerant circuit A having the outdoor heat exchanger
13 or the like configured to perform the heat exchange with
the outdoor air, and the user-side refrigerant circuit B having,
the indoor heat exchangers 31# ¢ (hereinatter, n represents 1
and larger natural numbers, and represents the number of
pieces ol the indoor heat exchangers) configured to perform
the heat exchange with the indoor air. The heat source-side
refrigerant circulating in the heat source-side refrigerant cir-
cuit A and the user-side refrigerant circulating in the user-side
refrigerant circuit B perform the heat exchange with respect
to each other 1n the intermediate heat exchangers 25#%. Then,
respective components 1n the heat source-side refrigerant cir-
cuit A and the user-side refrigerant circuit B are provided 1n
the outdoor unit 10, the relay unit 20, and the indoor units 30z.
In Embodiment 3, the water 1s used as the user-side refriger-
ant.

In Embodiment 5, although the number of the indoor units
307 1s four (n=4), 1t may be two or three, and may be four or
more. The number of the relay units 20 1s not limited to one,
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and a plurality of pieces may be provided. In other words, the
present invention may be implemented 1n a configuration in
which a plurality of the indoor units are provided 1n each of
the plurality of relay units. Also, a plurality of the outdoor
units 10 may be provided according to the output load.

The heat source-side refrigerant circuit A includes the
compressor 11, the four-way valve 12, the outdoor heat
exchanger 13, the refrigerant flow channel switching unit 50,
the bypass piping 62, the third refrigerant tlow rate control
device 63, the first refrigerant branch portion 21, the second
refrigerant branch portion 22, the third refrigerant branch
portion 23, the intermediate heat exchangers 251 and 252, an
opening and closing device 70, the three-way valves 261 and
262, and the second refrigerant flow rate control devices 271
and 272. Here, the four-way valve 12, the three-way valves
261, 262, and the refrigerant flow channel switching unit 50
correspond to the second refrigerant flow channel switching
device, the first refrigerant flow channel switching device,
and the third refrigerant flow channel switching device 1n the
present invention, respectively.

The relay unit 20 1s provided with the opening and closing,
device 70 provided between the branch piping 40 and the
second refrigerant branch portion 22, and the bypass piping
62 connecting the first refrigerant branch portion 21 and the
third refrigerant branch portion 23. The bypass piping 62 1s
provided with the third refrigerant flow rate control device 63.

The user-side refrigerant circuit B includes the intermedi-
ate heat exchangers 251 and 252, the pumps 281 and 282, the
user-side refrigerant flow channel switching unit 80, and the
indoor heat exchangers 311-314. The indoor heat exchangers
311-314 cach are connected at one side thereot to each of the
intermediate heat exchangers 251 and 252 via each of the
third extension piping 431-434, the user-side reirigerant flow
channel switching unit 80, and the pumps 281 and 2B2. Each
of the other sides thereotf are connected to each of the inter-
mediate heat exchangers 251 and 2352 via each of the fourth
extension piping 441-444 and the user-side refrigerant flow
channel switching unit 80. Here, the pumps 281 and 282
correspond to the circulating device 1n the present invention.

The user-side refrigerant tlow channel switching unit 80 1s
configured to supply the user-side refrigerant of at least one of
the user-side refrigerant heat-exchanged 1n the intermediate
heat exchanger 251 and the user-side refrigerant heat-ex-
changed 1n the intermediate heat exchanger 252 to the indoor
units 301-304. The user-side refrigerant flow channel switch-
ing unit 80 includes a plurality of water flow channel switch-
ing valves (first switching valves 81z and second switching
valves 82n). The numbers of the first switching valves 81
and the second switching valves 82n to be provided corre-
spond to the number of pieces of the mdoor unit 30 to be
connected to the relay unit 20 (four each in this case). In
Embodiment 3, the three-way valves are used as the first
switching valves 81» and the second switching valves 82x.

The refrigerant piping in the user-side retfrigerant flow
channel switching unit 80 1s branched according to the num-
ber of pieces of the indoor units to be connected to the relay
unit 20 (the user-side refrigerant flow channel switching unit
80) (four branches each 1n this case). More specifically, the
refrigerant piping connected to one side of the intermediate
heat exchanger 251 via the pump 281 1s branched into four,
and are connected to respective first switching valves 811-
814. The reifrigerant piping connected to one side of the
intermediate heat exchanger 252 via the pump 282 1s also
branched 1nto four, and are connected to the respective first
switching valves 811-814. Remaining connecting ports of the
first switching valves 811-814 are connected to the indoor
heat exchangers 311-314 via the third extension piping 431-
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434 respectively. In other words, the first switching valves
811-814 are respectively configured to switch refrigerant
inlet routes to the respective indoor heat exchangers 311-314
to routes through which the refrigerant flows in from the
intermediate heat exchanger 251 or routes through which the
refrigerant flows in from the intermediate heat exchanger
252.

Also, the refrigerant piping connected to the other side of
the mtermediate heat exchanger 251 1s branched into four,
and are connected to respective second switching valves 821 -
824. The refrigerant piping connected to the other side of the
intermediate heat exchanger 252 1s also branched into four,
and are connected to the respective second switching valves
821-824. Remaining connecting ports of the second switch-
ing valves 821-824 are connected to the indoor heat exchang-
ers 311-314 via the fourth extension piping 441-444 respec-
tively. In other words, the second switching valves 821-824
are respectively configured to switch refrigerant outlet routes
from the respective indoor heat exchangers 311-314 to routes
through which the refrigerant flows out to the intermediate
heat exchanger 251 or routes through which the refrigerant
flows out to the intermediate heat exchanger 252.

The pumps 281 and 282 are configured to circulate the
user-side refrigerant in the user-side refrigerant circuit (more
specifically, between the intermediate heat exchangers 251
and 252 and the indoor heat exchangers 311-314). The type of
the pumps 281 and 282 do not have to be specifically limited,
and may be made up of, for example, a type which allows
capacity control. The first switching valves 811-814 and the
second switching valves 821-824 may be made up ol two each
of the two-way valves.

(Operating Actions)

Subsequently, the operating actions of the air conditioning
apparatus 1 in Embodiment 5 will be described. The operat-
ing actions of the air conditioning apparatus 1 include four
modes; the cooling operation mode, the heating operation
mode, the cooling-dominated operation mode, and the heat-
ing-dominated operation mode.

(Cooling Operation Mode)

First of all, the cooling operation mode will be described.

FIG. 22 1s a refrigerant circuit diagram showing the flow of
the refrigerant 1n the cooling operation mode of the air con-
ditioning apparatus according to Embodiment 5 in the present
invention. FIG. 23 1s a p-h diagram showing the change of the
heat source-side refrigerant in the cooling operation mode.

In FIG. 22, piping 1llustrated in thick lines indicates piping
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-d shown 1n FIG. 23 indicate the states of the
refrigerant at points indicated by reference signs a-d 1in FIG.
22, respectively.

When all the indoor units 301-304 perform the cooling
operation, the four-way valve 12 1s switched to allow the heat
source-side refrigerant being discharged from the compressor
11 to flow toward the outdoor heat exchanger 13. In other
words, the four-way valve 12 1s switched to allow the heat
source-side refrigerant being discharged from the first refrig-
erant branch portion 21 of the relay unit 20 to pass through the
first extension piping 41 and the first check valve 51 and to
flow 1nto the compressor 11. The three-way valves 261 and
262 are switched to allow the intermediate heat exchangers
251 and 252 to communicate with the first refrigerant branch
portion 21, respectively. The respective second refrigerant
flow rate control devices 271 and 272 restrict the degrees of
the openings thereof. The degree of opening of the opening
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and closing device 70 1s brought into a fully opened state. The
third refrigerant flow rate control device 63 reduces the
degree of opening thereof to a fully closed state.

In the user-side refrigerant tlow channel switching unit 80
of the relay umt 20, the first switching valves 811-814 are
switched so that the user-side refrigerant circulated by one or
both of the pumps 281 and 282 1s supplied to the indoor units
301-304 (the indoor heat exchangers 311-314) via the third
extension piping 431-434. Also, the second switching valves
821-824 are switched so that the user-side refrigerant flowing
back from the indoor units 301-304 to the relay unmit 20 returns
back to one or both of the intermediate heat exchangers 251
and 252. When the user-side refrigerant supplied from both
the pumps 281 and 282 joins at the first switching valves
811-814 and 1s supplied to the indoor units 301-304, the first
switching valves 811-814 operate as mixing valves. In a case
where the user-side refrigerant flowing back from the indoor
units 301-304 to the relay unit 20 1s branched from the second
switching valves 821-824 and returns to both the intermediate
heat exchangers, the second switching valves 821-824 oper-
ate as distributing valves. In FIG. 22, a case where the {irst
switching valves 811-814 operate as the mixing valves and
the second switching valves 821-824 operate as the distrib-
uting valves 1s illustrated. In this state, the operations of the
compressor 11 and the pumps 281 and 282 are started.

The flow 1n the heat source-side refrigerant circuit A will be
described. The low-temperature low-pressure vapor-state
refrigerant 1s compressed by the compressor 11 and 1s dis-
charged as the high-temperature high-pressure refrigerant.
The refrigerant compression process of the compressor 11 1s
expressed by an 1sentropic curve as shown from the point a to
b 1n FIG. 23 on the assumption that heat entry and exit with
respect to the periphery does not occur. The high-temperature
high-pressure refrigerant being discharged from the compres-
sor 11 passes through the four-way valve 12 and flows into the
outdoor heat exchanger 13. Then, it 1s transformed 1nto con-
densed liquid while dissipating heat the outdoor air, thereby
becoming a high-pressure liquid-state refrigerant 1n the out-
door heat exchanger 13. The change of the refrigerant in the
outdoor heat exchanger 13 1s performed under a substantially
constant pressure. The change of the refrigerant at this time 1s
expressed by a line slightly inclined but substantially hori-
zontal as shown from the point b to ¢ 1n FIG. 23 when
considering the pressure loss of the outdoor heat exchanger
13.

The high-pressure liquid-state refrigerant flowing out from
the outdoor heat exchanger 13 passes through the second
check valve 52, the second extension piping 42, and the
opening and closing device 70 and flows into the second
reirigerant branch portion 22. The high-pressure liquid-state
refrigerant tlowing into the second refrigerant branch portion
22 1s branched from the second refrigerant branch portion 22
and tlows 1nto the second refrigerant flow rate control devices
271 and 272. Then, the high-pressure liquid-state refrigerant
1s restricted and then 1s expanded (decompressed) 1n the sec-
ond refrigerant flow rate control devices 271 and 272, thereby
assuming a low-temperature low-pressure gas-liquid two-
phase state. The changes of the refrigerant in the second
refrigerant flow rate control devices 271 and 272 are per-
formed under a constant enthalpy. The change of the refrig-
erant at this time 1s expressed by a vertical line as shown from
the point ¢ to d 1in FIG. 23.

The low-temperature low-pressure gas-liquid two-phase
state refrigerant flowing out from the second refrigerant tlow
rate control devices 271 and 272 flow into the intermediate
heat exchangers 251 and 252, respectively. Then, the refrig-
erant absorbs heat from the water flowing in the intermediate
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heat exchangers 251 and 252, thereby becoming a low-tem-
perature low-pressure vapor-state refrigerant. The changes of
the heat source-side reirigerant in the intermediate heat
exchangers 251 and 2352 are performed under a substantially
constant pressure. The change of the refrigerant at this time 1s
expressed by a line slightly inclined but substantially hori-
zontal as shown from the point d to a in FIG. 23 when
considering the pressure loss of the intermediate heat
exchangers 251 and 252.

The low-temperature low-pressure vapor-state refrigerant
flowing out from the intermediate heat exchangers 251 and
252 passes through the three-way valves 261 and 262 respec-
tively, and flows into the first refrigerant branch portion 21.
The low-temperature low-pressure vapor-state refrigerant
joming 1n the first refrigerant branch portion 21 tlows into the
compressor 11 through the first extension piping 41, the first
check valve 51, and the four-way valve 12, and 1s compressed
therein.

Subsequently, the flow of the refrigerant in the user-side
refrigerant circuit B will be described.

The water cooled by the heat source-side refrigerant flow-
ing in the intermediate heat exchanger 251 passes through the
pump 281 and flows 1nto the user-side refrigerant tflow chan-
nel switching unit 80. The water flows 1nto the first switching
valves 811-814 after having branched. Also, the water cooled
by the heat source-side refrigerant flowing 1n the intermediate
heat exchanger 252 passes through the pump 282 and flows
into the user-side refrigerant flow channel switching unit 80.
Then the water flows 1nto the first switching valves 811-814
aiter having branched. The water flowing from the pump 281
into the first switching valves 811-814 and the water flowing
from the pump 282 to the first switching valves 811-814 joins
in the first switching valves 811-814 and tlows into the third
extension piping 431-434.

The water flowing into the third extension piping 431-434
flows 1nto the indoor heat exchangers 311-314. Then, the
water absorbs heat from the indoor air 1n the indoor heat
exchangers 311-314 to cool the iterior of the room 1n which
the indoor units 301-304 are provided. The water tlowing out
from the indoor heat exchangers 311-314 passes through the
fourth extension piping and tlows into the second switching
valves 821-824. Then, the water 1s branched from the second
switching valves 821-824 and flows into the respective inter-
mediate heat exchangers 251 and 252.

(Heating Operation Mode)

Subsequently, the heating operation mode will be
described.

FI1G. 24 15 arefrnigerant circuit diagram showing the flow of
the refrigerant in the heating operation mode of the air con-
ditioning apparatus according to Embodiment 5 1n the present
invention. FIG. 25 1s a p-h diagram showing the change of the
heat source-side refrigerant in the heating operation mode.

In FIG. 24, piping 1llustrated in thick lines indicates piping
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-d shown 1n FI1G. 23 indicate the states of the
refrigerant at points indicated by reference signs a-d 1n FIG.
24, respectively.

When all the imndoor units 301-304 perform the heating
operation, the four-way valve 12 1s switched to allow the heat
source-side refrigerant being discharged from the compressor
11 to pass through the fourth check valve 54 and the second
extension piping 42 and to flow into the third refrigerant
branch portion 23 of the relay unit 20. In other words, the
four-way valve 12 1s switched to allow the heat source-side
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refrigerant flowing out from the outdoor heat exchanger 13 to
flow 1nto the compressor 11. The three-way valves 261 and
263 are switched to allow the intermediate heat exchangers
251 and 252 to communicate with the third refrigerant branch
portion 23, respectively. The respective second refrigerant
flow rate control devices 271 and 272 restrict the degrees of
the openings thereol. The degree of opening of the opening,
and closing device 70 1s brought into a fully closed state. The
third refrigerant tflow rate control device 63 increases the
degree of opening thereol to a fully opened state. In this state,
the operations of the compressor 11 and the pumps 281 and
282 are started.

The tflow of the refrigerant 1n the heat source-side refriger-
ant circuit A will be described. The low-temperature low-
pressure vapor-state refrigerant 1s compressed by the com-
pressor 11 and 1s discharged as the high-temperature high-
pressure refrigerant. The refrigerant compression process of
the compressor 11 1s expressed by an 1sentropic curve as
shown from the point a to b 1n FIG. 25. The high-temperature
high-pressure refrigerant being discharged from the compres-
sor 11 passes through the four-way valve 12, the fourth check
valve 54, and the second extension piping 42 and flows 1nto
the third refrigerant branch portion 23. The high-temperature
high-pressure refrigerant tflowing into the third refrigerant
branch portion 23 1s branched from the third refrigerant
branch portion 23, passes through the three-way valves 261
and 262, and flows 1nto the mtermediate heat exchangers 251
and 252, respectively. Then, the refrigerant 1s transformed
into condensed liquid while dissipating heat to the water
flowing 1n the intermediate heat exchangers 251 and 252,
thereby becoming a high-pressure liqud-state refrigerant.
The change of the refrigerant at this time 1s expressed by a line
slightly inclined but substantially horizontal as shown from
the point b to ¢ 1n FIG. 25.

The high-pressure liquid-state refrigerant tlowing out from
the intermediate heat exchangers 251 and 2352 flows into the
second refrigerant flow rate control devices 271 and 272.
Then, the high-pressure liquid-state refrigerant 1s restricted
and then 1s expanded (decompressed) 1n the second refriger-
ant flow rate control devices 271 and 272, thereby assuming a
low-temperature low-pressure gas-liquid two-phase state.
The change of the refrigerant at this time 1s expressed by a
vertical line as shown from the point ¢ to d in FIG. 25. The
low-temperature low-pressure gas-liquid two-phase state
refrigerant flowing out from the second refrigerant flow rate
control devices 271 and 272 flows into the second refrigerant
branch portion 22. The gas-liquid two-phase state refrigerant
joimng 1n the second refrigerant branch portion 22 passes
through the bypass piping 62 and the third refrigerant tflow
rate control device 63 and flows into the first refrigerant
branch portion 21 (more specifically, the piping which con-
nects the firstrefrigerant branch portion 21 and the first exten-
s1on piping 41). Subsequently, the refrigerant passes through
the first extension piping 41 and the third check valve 33 and
flows 1nto the outdoor heat exchanger 13. Then, the refriger-
ant absorbs heat from the outdoor air in the outdoor heat
exchanger 13, thereby becoming a low-temperature low-
pressure vapor-state refrigerant. The change of the refrigerant
at this time 1s expressed by a line slightly inclined but sub-
stantially horizontal as shown from the point d to a in FIG. 25.
The low-temperature low-pressure vapor-state relrigerant
flowing out from the outdoor heat exchanger 13 flows 1nto the
compressor 11 through the four-way valve 12, and 1s com-
pressed therein, thereby becoming a high-temperature high-
pressure relfrigerant.

Subsequently, the tlow of the refrigerant 1n the user-side
refrigerant circuit B will be described.
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The water heated by the heat source-side refrigerant flow-
ing in the intermediate heat exchanger 251 passes through the
pump 281 and flows 1nto the user-side refrigerant flow chan-
nel switching unit 80. The water flows 1nto the first switching
valves 811-814 after having branched. Also, the water cooled
by the heat source-side refrigerant flowing in the intermediate
heat exchanger 252 passes through the pump 282 and flows
into the user-side refrigerant flow channel switching unit 80.
Then, the water tflows 1nto the first switching valves 811-814
alter having branched. Then, the water flowing from the pump
281 1into the first switching valves 811-814 and the water
flowing from the pump 282 to the first switching valves 811-
814 joins 1n the first switching valves 811-814, and flows into
the third extension piping 431-434.

The water flowing into the third extension piping 431-434
flows 1nto the indoor heat exchangers 311-314. Then, the
water dissipates heat to the indoor air in the indoor heat
exchangers 311-314 to heat up the interior of the room 1n
which the indoor unmits 301-304 are provided. The water flow-
ing out from the indoor heat exchangers 311-314 passes
through the fourth extension piping and flows into the second
switching valves 821-824. Then, the water 1s branched from
the second switching valves 821-824 and tlows 1nto the inter-
mediate heat exchangers 251 and 252 respectively.

(Cooling-Dominated Operation Mode)

Subsequently, the cooling-dominated operation mode will
be described.

FIG. 26 1s a refrigerant circuit diagram showing the flow of
the refrigerant 1n the cooling-dominated operation mode of
the air conditioning apparatus according to Embodiment 5 in
the present invention. FI1G. 37 1s a p-h diagram showing the
change of the heat source-side refrigerant 1n the cooling-
dominated operation mode.

In FIG. 26, piping 1llustrated in thick lines indicates piping
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-f shown 1n FIG. 27 indicate the states of the
refrigerant at points indicated by reference signs a-1 in FIG.
26, respectively.

In FIG. 26, the one indoor unit 30 on the left side of the
drawing which performs the heating operation 1s illustrated as
the indoor unit 301. Also, the three indoor units 30 which
perform the cooling operation are illustrated as the indoor
unit 302, the indoor unit 303, and the indoor unit 304 from the
second mndoor unit 30 from left side of the drawing to the
indoor unit 30 on the right side of the drawing 1n sequence.
The first switching valves to be connected to the indoor units
301-304 respectively are illustrated as the first switching
valve 811 to the first switching valve 814, and the second
switching valves connected respectively thereto are 1llus-
trated as the second switching valve 821 to the second switch-
ing valve 824.

A case where the indoor unit 301 performs the heating
operation and the indoor units 302-304 perform the cooling
operation will be described. The four-way valve 12 1is
switched to allow the heat source-side refrigerant being dis-
charged from the compressor 11 to flow toward the outdoor
heat exchanger 13. In other words, the four-way valve 12 1s
switched to allow the heat source-side refrigerant being dis-
charged from the first refrigerant branch portion 21 of the
relay unit 20 to pass through the first extension piping 41 and
the first check valve 51 and to flow into the compressor 11.
The three-way valve 261 1s switched to allow the intermediate
heat exchanger 251 to communicate with the third refrigerant
branch portion 23. The three-way valve 262 1s switched to
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allow the intermediate heat exchanger 252 to communicate
with the first refrigerant branch portion 21. The second refrig-
cerant flow rate control devices 271 and 272 restrict the
degrees of the openings thereol. The degree of opening of the
opening and closing device 70 1s brought 1nto a fully closed
state. The third refrigerant flow rate control device 63 reduces
the degree of opening thereot to a fully closed state.

In the user-side refrigerant tlow channel switching unit 80
of the relay unit 20, the first switching valve 811 and the
second switching valve 821 are switched to allow the user-
side refrigerant to circulate between the intermediate heat
exchanger 251 and the indoor unmit 301 (the indoor heat
exchanger 311). Also, the first switching valves 812-814 and
the second switching valves 822-824 are switched to allow
the user-side refrigerant to circulate between the intermediate
heat exchanger 252 and the indoor units 302-304 (the indoor
heat exchangers 312-314). In this state, the operations of the
compressor 11 and the pumps 281 and 282 are started.

The tflow of the refrigerant 1n the heat source-side refriger-
ant circuit A will be described. The low-temperature low-
pressure vapor-state refrigerant 1s compressed by the com-
pressor 11 and 1s discharged as the high-temperature high-

pressure refrigerant. The refrigerant compression process of
the compressor 11 1s expressed by an 1sentropic curve as
shown from the point a to b 1n FIG. 27. The high-temperature
high-pressure refrigerant being discharged from the compres-
sor 11 passes through the four-way valve 12 and tlows into the
outdoor heat exchanger 13. Then, the refrigerant condenses
while dissipating heat to the outdoor air 1n the outdoor heat
exchanger 13, thereby becoming a high-pressure gas-liquid
two-phase state refrigerant. The change of the refrigerant at
this time 1s expressed by a line slightly inclined but substan-
tially horizontal as shown from the point b to ¢ in FIG. 27.

The high-pressure gas-liquid two-phase refrigerant flow-
ing out from the outdoor heat exchanger 13 passes through the
second check valve 52 and the second extension piping 42 and
flows 1nto the third refrigerant branch portion 23. The high-
pressure gas-liquid two-phase state refrigerant flowing into
the third refrigerant branch portion 23 passes through the
three-way valve 261, and flows into the intermediate heat
exchanger 251. Thenj the refrigerant condenses while dissi-
pating heat to the water flowing in the intermediate heat
exchanger 2351, thereby becoming a liquid-state refrigerant.
The change of the refrigerant at this time 1s expressed by a line
slightly inclined but substantially horizontal as shown from
the point ¢ to d i FIG. 27. The refmgerant flowing out from
the intermediate heat exchanger 251 1s restricted and then 1s
expanded (decompressed) 1n the second refrigerant flow rate
control device 271 and flows into the second refrigerant
branch portion 22. The change of the refrigerant at this time 1s
expressed by a vertical line as shown from the pomnt d to e 1n
FIG. 27.

The refrigerant flowing into the second refrigerant branch
portion 22 flows 1nto the second refrigerant flow rate control
device 272. Then, the refrigerant 1s turther restricted and then
1s expanded (decompressed) in the second refrigerant flow
rate control device 272, thereby assuming a low-temperature
low-pressure gas-liquid two-phase state. The change of the
refrigerant at this time 1s expressed by a vertical line as shown
from the point ¢ to 1 1 FIG. 27. The low-temperature low-
pressure gas-liquid two-phase state refrigerant flowing out
from the second refrigerant tlow rate control device 272 flows
into the intermediate heat exchanger 252. Then, the refriger-
ant absorbs heat from the water flowing 1n the intermediate
heat exchanger 252, thereby becoming a low-temperature
low-pressure vapor-state reifrigerant. The change of the
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refrigerant at this time 1s expressed by a line slightly inclined
but substantially horizontal as shown from the point fto a in

F1G. 27.

The low-temperature low-pressure vapor-state refrigerant
flowing out from the intermediate heat exchanger 252 passes
through the three-way valves 262 and flows into the first
refrigerant branch portion 21. The low-temperature low-pres-
sure vapor-state refrigerant tflowing into the first refrigerant
branch portion 21 tlows into the compressor 11 through the
first extension piping 41, the first check valve 31, and the
four-way valve 12, and 1s compressed therein.

Subsequently, the flow of the user-side refrigerant in the
user-side refrigerant circuit B will be described.

The flow of the user-side refrigerant when causing the
indoor umt 301 to perform the heating operation will be
described first, and then the flow of the user-side refrigerant
when causing the indoor unit 302 to the indoor unit 304 to
perform the cooling operation will be described.

The water heated by the heat source-side refrigerant in the
intermediate heat exchanger 251 tflows into the user-side
reirigerant flow channel switching unit 80 by the pump 281.
The water tlowing into the user-side refrigerant flow channel
switching unit 80 passes through the third extension piping
431 connected to the first switching valve 811 and tlows into
the indoor heat exchanger 311 of the indoor unit 301. Then,
the water dissipates heat into the indoor air in the indoor heat
exchanger 311 to heat up an area to be air-conditioned 1n the
room or the like where the indoor unit 301 1s 1nstalled. Sub-
sequently, the water flowing out from the indoor heat
exchanger 311 flows out from the mdoor unit 301, passes
through the fourth extension piping 441, and flows into the
user-side refrigerant flow channel switching unit 80 (the sec-
ond switching valve 821). The water flowing into the second
switching valve 821 flows into the mtermediate heat
exchanger 251 again.

In contrast, the water cooled by the heat source-side refrig-
erant 1n the intermediate heat exchanger 252 tlows 1nto the
user-side refrigerant flow channel switching unit 80 by the
pump 282. The water flowing into the user-side refrigerant
flow channel switching unit 80 i1s branched, then passes
through the third extension piping 432-434 connected respec-
tively to the first switching valve 812 to the first switching

valve 814, and flows 1nto the indoor heat exchangers 312-314
of the indoor unit 302 to the indoor unit 304. Then, the water
absorbs heat from the indoor air 1n the indoor heat exchangers
312-314 to cool down the area to be air-conditioned 1n the
room or the like where the indoor unit 302 to the indoor unit
304 are installed. Subsequently, the water tflowing out from
the indoor heat exchangers 312-314 flows out from the indoor
unit 302 to the indoor unit 304, passes through the fourth
extension piping 442-444, and flows into the user-side refrig-
erant flow channel switching unit 80 (the second switching
valve 822 to the second switching valve 824). The water
flowing into the second switching valve 822 to the second
switching valve 824 joins in the user-side refrigerant tlow
channel switching unit 80 and flows 1nto the intermediate heat
exchanger 252 again.

(Heating-Dominated Operation Mode)

Subsequently, the heating-dominated operation mode will
be described.

FIG. 28 15 arefrnigerant circuit diagram showing the flow of
the refrigerant in the heating-dominated operation mode of
the air conditioning apparatus according to Embodiment 5 in
the present invention. FIG. 29 1s a p-h diagram showing the
change of the heat source-side refrigerant in the heating
operation mode.
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In FIG. 28, piping illustrated 1n thick lines indicates piping
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-h shown 1n FI1G. 29 indicate the states of the
reirigerant at points indicated by reference signs a-h 1n FIG.
28, respectively.

A case where the indoor units 301-303 perform the heating
operation and the indoor unit 304 performs the cooling opera-
tion will be described. The four-way valve 12 1s switched to
allow the heat source-side refrigerant being discharged from
the compressor 11 to pass through the fourth check valve 54
and the second extension piping 42 and to tlow into the third
refrigerant branch portion 23 of the relay unit 20. In other
words, the four-way valve 12 1s switched to allow the heat
source-side refrigerant flowing out from the outdoor heat
exchanger 13 to tlow into the compressor 11. The three-way
valve 261 1s switched to allow the intermediate heat
exchanger 251 to communicate with the third refrigerant
branch portion 23. The three-way valve 262 1s switched to
allow the intermediate heat exchanger 252 to communicate
with the first refrigerant branch portion 21. The second refrig-
erant flow rate control devices 271 and 272 restrict the
degrees of the openings thereot. The degree of opening of the
opening and closing device 70 1s brought into a fully closed
state. The third refrigerant flow rate control device 63 reduces
the degree of opening thereof to allow part of the heat source-
side refrigerant flowing into the second refrigerant branch
portion 22 to tlow to the bypass piping 62. In this state, the
operations of the compressor 11 and the pumps 281 and 282
are started.

In the user-side refrigerant flow channel switching unit 80
of the relay umit 20, the first switching valves 811-813 and the
second switching valves 821-823 are switched to allow the
user-side refrigerant to circulate between the intermediate
heat exchanger 251 and the indoor units 301-303 (the indoor
heat exchangers 311-313), respectively. Also, the first switch-
ing valve 814 and the second switching valve 824 are
switched to allow the user-side refrigerant to circulate
between the intermediate heat exchanger 252 and the imndoor
unit 304 (the indoor heat exchanger 314). In this state, the
operations of the compressor 11 and the pumps 281 and 282
are started.

The flow of the refrigerant 1n the heat source-side refriger-
ant circuit A will be described. The low-temperature low-
pressure vapor-state refrigerant 1s compressed by the com-
pressor 11 and 1s discharged as the high-temperature high-
pressure refrigerant. The refrigerant compression process of
the compressor 11 1s expressed by an 1sentropic curve as
shown from the point a to b 1n FIG. 29. The high-temperature
high-pressure refrigerant being discharged from the compres-
sor 11 passes through the four-way valve 12, the fourth check
valve 34, and the second extension piping 42 and flows into
the third refrigerant branch portion 23. The high-temperature
high-pressure refrigerant flowing into the third reifrigerant
branch portion 23 passes through the three-way valve 261,
and flows 1nto the intermediate heat exchanger 251. Then, the
refrigerant 1s transformed into condensed liquid while dissi-
pating heat to the water flowing in the intermediate heat
exchanger 251, thereby becoming a high-pressure liquid-
state refrigerant. The chance of the refrigerant at this time 1s
expressed by a line slightly inclined but substantially hori-
zontal as shown from the point b to ¢ 1n FIG. 29.

The high-pressure liquid-state refrigerant tlowing out from
the intermediate heat exchanger 251 1s restricted and then 1s
expanded (decompressed) 1n the second refrigerant flow rate
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control device 271, and flows into the second reifrigerant
branch portion 22. The change of the refrigerant at this time 1s
expressed by a vertical line as shown from the point ¢ to d 1n
FIG. 29.

Part of the high-pressure liquid-state refrigerant flowing
from the intermediate heat exchanger 251 to the second
refrigerant branch portion 22 tlows into the second refrigerant
flow rate control device 272. Then, the refrigerant 1s restricted
and then 1s further expanded (decompressed) in the second
refrigerant tlow rate control device 272, thereby assuming a
low-temperature low-pressure gas-liquid two-phase state.
The change of the refrigerant at this time 1s expressed by a
vertical line as shown from the point d to € 1n FIG. 29. The
low-temperature low-pressure gas-liquid two-phase state
refrigerant flowing out from the second refrigerant flow rate
control device 272 flows into the intermediate heat exchanger
252. Then, the refrigerant absorbs heat from the water flowing
in the intermediate heat exchanger 252, thereby becoming a
low-temperature low-pressure vapor-state refrigerant. The
change of the refrigerant at this time 1s expressed by a line
slightly inclined but substantially horizontal as shown from
the point e to 11n FIG. 29. The low-temperature low-pressure
vapor-state refrigerant tlowing out from the intermediate heat
exchanger 252 passes through the three-way valves 262 and
flows 1nto the first refrigerant branch portion 21.

Remaining part of the high-pressure liquid-state refriger-
ant flowing out from the intermediate heat exchanger 251 nto
the second refrigerant branch portion 22 flows into the third
refrigerant flow rate control device 63. Then, the high-pres-
sure liquid-state refrigerant 1s restricted and then 1s expanded
(decompressed) 1n the third refrigerant flow rate control
device 63, thereby assuming a low-temperature low-pressure
gas-liquid two-phase state. The change of the refrigerant at
this time 1s expressed by a vertical line as shown from the
point d to g in FIG. 29. The low-temperature low-pressure
gas-liquid two-phase state refrigerant tlowing out from the
third refrigerant flow rate control device 63 tlows 1nto the first
refrigerant branch portion 21 (more specifically, the piping
which connects the first refrigerant branch portion 21 and the
first extension piping 41), and joins the low-temperature low-
pressure vapor-state refrigerant flowing out from the interme-
diate heat exchanger 252 (point h).

The low-temperature low-pressure gas-liquid two-phase
state refrigerant flowing out from the first refrigerant branch
portion 21 passes through the first extension piping 41 and the
third check valve 53 and flows into the outdoor heat
exchanger 13. Then, the refrigerant absorbs heat from the
outdoor air 1n the outdoor heat exchanger 13, thereby becom-
ing a low-temperature low-pressure vapor-state refrigerant.
The change of the refrigerant at this time 1s expressed by a line
slightly inclined but substantially horizontal as shown from
the point h to a 1n FIG. 29. The low-temperature low-pressure
vapor-state refrigerant tflowing out from the outdoor heat
exchanger 13 flows 1nto the compressor 11 through the four-
way valve 12, and 1s compressed therein, thereby becoming a
high-temperature high-pressure refrigerant.

Subsequently, the flow of the user-side refrigerant in the
user-side refrigerant circuit B will be described.

The flow of the user-side refrigerant when causing the
indoor units 301-303 to perform the heating operation will be
described first, and then the flow of the user-side refrigerant
when causing the indoor unit 304 to perform the cooling
operation will be described.

The water heated by the heat source-side refrigerant in the
intermediate heat exchanger 251 flows into the user-side
refrigerant flow channel switching unit 80 by the pump 281.
The water tlowing into the user-side refrigerant flow channel
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switching unit 80 1s branched, then passes through the third
extension piping 431-433 connected respectively to the first

switching valves 812-813, and flows ito the indoor heat
exchangers 311-313 of the indoor units 301-303. Then, the
water dissipates heat into the indoor air 1 the indoor heat
exchangers 311-313 to heat up the area to be air-conditioned
in the room or the like where the indoor units 301-303 are
installed. Subsequently, the water flowing out from the indoor
heat exchangers 311-313 flows out from the indoor units
301-303, passes through the fourth extension piping 441-443,
and flows 1nto the user-side refrigerant flow channel switch-
ing unit 80 (the second switching valve 821 to the second
switching valve 823). The water flowing mto the second
switching valve 821 to the second switching unit 823 joins 1n
the user-side refrigerant tlow channel switching unit 80, and
then flows 1nto the intermediate heat exchanger 251 again.

In contrast, the water cooled by the heat source-side refrig-
crant 1n the intermediate heat exchanger 252 tflows into the
user-side refrigerant flow channel switching unit 80 by the
pump 282. The user-side refrigerant flowing into the user-side
reirigerant flow channel switching unit 80 passes through the
third extension piping 434 connected to the first switching,
valve 814 and flows 1nto the indoor heat exchanger 314 of the
indoor unmit 304. Then, the refrigerant absorbs heat from the
indoor air in the indoor heat exchanger 314 to cool down the
area to be air-conditioned 1n the room or the like where the
indoor unit 304 is installed. Subsequently, the water flowing
out from the indoor heat exchanger 314 flows out from the
indoor umt 304, passes through the fourth extension piping
444, and flows into the user-side refrigerant flow channel
switching unit 80 (the second switching valve 824). The water
flowing into the second switching valve 824 flows into the
intermediate heat exchanger 252 again.

The air conditioning apparatus 1 configured in this manner
achieves the same advantages as Embodiment 1. In addition,
the number of the pumps 28z and the intermediate heat
exchangers 235n, the flow rate and the pump head of the pumps
28n, the heat-exchange performance of the mtermediate heat
exchangers 25# can be determined 1rrespective of the number
of the indoor units 30z or the cooling and heating perfor-
mance of the individual indoor units 30#%. Theretore, down-
s1zing of the relay unit 20 1s possible, and the high-efficiency
pumps 827 and 1intermediate exchangers 257 can be used.

Also, the cooled or heated water can be supplied to the
indoor units 307 using both the intermediate heat exchanger
251 and the intermediate heat exchanger 252 (a plurality of
the intermediate heat exchangers 23r) at the time of the
cooling operation and the heating operation, so that the eifi-
ciency of the air conditioming apparatus 1 1s improved.

Although the three-way valves are provided as the first
switching valves 811-814 and the second switching valves
821-824, which are the water tlow channel switching valves,
the first switching valves 811-814 and the second switching
valves 821-824 may be made up of two each of the two-way
valves.

Embodiment 6

FI1G. 30 1s a refrigerant circuit diagram of the air condition-
ing apparatus according to Embodiment 6 in the present
invention. The air conditioning apparatus 1 1n thus Embodi-
ment 1mcludes a second refrigerant flow channel switching
unit 90, a heat exchanger 93, a second bypass piping 94, and
a fourth refrigerant branch portion 95 added to the configu-
ration of the air conditioning apparatus 1 1n Embodiment 3.

The heat exchanger 93 1s provided between the opening
and closing device 70 and the second refrigerant branch por-
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tion 22. The heat exchanger 93 is configured to cause the heat
exchange between the heat source-side refrigerant flowing
out from the opening and closing device 70 to the second
refrigerant branch portion 22 and the heat source-side refrig-
crant flowing in the bypass piping 62. At this time, the bypass
piping 62 1s connected to a point between the heat exchanger
93 and the second refrigerant branch portion 22. The third
reirigerant tlow rate control device 63 1s provided in the
bypass piping 62 on the upstream side of the heat exchanger
93 with respect to the tlow of the refrigerant.

A fourth reifrigerant branch portion 95 is connected
between the opening and closing device 70 and the heat
exchanger 93 via the second bypass piping 94. The fourth
refrigerant branch portion 95 and the second refrigerant
branch portion 22 are connected respectively to the second
refrigerant flow rate control devices 271 and 272 wvia the
second refrigerant flow channel switching unit 90. More spe-
cifically, a plurality of fifth check valves 917 (two 1n Embodi-
ment 6) and a plurality of sixth check valves 92n (two 1n
Embodiment 6) are provided 1n the second refrigerant flow
channel switching unit 90. Fifth check valves 911 and 912 are
provided respectively in the piping which connects the fourth
refrigerant branch portion 95 and the respective second
refrigerant flow rate control devices 271 and 272, so that the
heat source-side refrigerant tlows only in the direction toward
the fourth refrigerant branch portion 95. Sixth check valves
921 and 922 are provided respectively in the piping which
connects the second refrigerant branch portion 22 and the
respective second refrigerant flow rate control devices 271
and 272, so that the heat source-side refrigerant flows only 1n
the directions toward the second refrigerant flow rate control
devices 271 and 272.

(Operating Actions)

Subsequently, the operating actions of the air conditioning
apparatus 1 in Embodiment 6 will be described. The operat-
ing actions of the air conditioning apparatus 1 include four
modes; the cooling operation mode, the heating operation
mode, the cooling-dominated operation mode, and the heat-
ing-dominated operation mode.

(Cooling Operation Mode)

First of all, the cooling operation mode will be described.

FIG. 31 1s arefrigerant circuit diagram showing the flow of
the refrigerant 1n the cooling operation mode of the air con-
ditioning apparatus according to Embodiment 6 in the present
invention. FI1G. 32 1s a p-h diagram showing the change of the
heat source-side refrigerant in the cooling operation mode.

In FIG. 31, piping 1llustrated in thick lines indicates piping
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-d shown 1n FIG. 32 indicate the states of the
refrigerant at points indicated by reference signs a-d 1in FIG.
31, respectively.

When all the indoor units 301-304 perform the cooling
operation, respective actions of the four-way valve 12, the
three-way valves 261 and 262, the second retfrigerant flow
rate control devices 271 and 272, the opening and closing
device 70, the third refrigerant flow rate control device 63, the
first switching valves 811-814 and the second switching
valves 821-824 of the user-side reifrigerant flow channel
switching unit 80, the compressor 11, and the pumps 281 and
282 are the same as the cooling operation mode 1n Embodi-
ment 5, and hence description will be omitted.

The tflow of the refrigerant 1n the heat source-side refriger-
ant circuit A will be described. The low-temperature low-
pressure vapor-state refrigerant 1s compressed by the com-
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pressor 11 and 1s discharged as the high-temperature high-
pressure refrigerant. The refrigerant compression process of
the compressor 11 1s expressed by an 1sentropic curve as
shown from the point a to b 1n FIG. 32 on the assumption that
heat entry and exit with respect to the periphery does not
occur. The high-temperature high-pressure refrigerant being
discharged from the compressor 11 passes through the four-
way valve 12 and flows 1nto the outdoor heat exchanger 13.
Then, 1t 1s transformed 1nto condensed liquid while dissipat-
ing heat to the outdoor air 1n the outdoor heat exchanger 13,
thereby becoming a high-pressure liquid-state refrigerant.
The change of the refrigerant in the outdoor heat exchanger
13 1s performed under a substantially constant pressure. The
change of the refrigerant at this time 1s expressed by a line
slightly inclined but substantially horizontal as shown from
the point b to ¢ 1n FIG. 32 when considering the pressure loss
of the outdoor heat exchanger 13.

The high-pressure liquid-state refrigerant flowing out from
the outdoor heat exchanger 13 passes through the second
check valve 52, the second extension piping 42, the opening
and closing device 70, and the heat exchanger 93 and flows
into the second refrigerant branch portion 22. The high-pres-
sure liquid-state refrigerant tlowing into the second refriger-
ant branch portion 22 is branched from the second refrigerant
branch portion 22, passes through the sixth check valves 921
and 922, and flows 1nto the second refrigerant tlow rate con-
trol devices 271 and 272. Then, the high-pressure liquid-state
refrigerant is restricted and then 1s expanded (decompressed)
in the second refrigerant flow rate control devices 271 and
2772, thereby assuming a low-temperature low-pressure gas-
liquid two-phase state. The changes of the refrigerant in the
second refrigerant flow rate control devices 271 and 272 are
performed under a constant enthalpy. The change of the
refrigerant at this time 1s expressed by a vertical line as shown
from the point ¢ to d in FIG. 32.

The low-temperature low-pressure gas-liquid two-phase
state refrigerant flowing out from the second refrigerant tlow
rate control devices 271 and 272 tflows into the intermediate
heat exchangers 251 and 252, respectively. Then, the refrig-
crant absorbs heat from the water flowing 1n the intermediate
heat exchangers 251 and 252, thereby becoming a low-tem-
perature low-pressure vapor-state refrigerant. The changes of
the heat source-side refrigerant in the intermediate heat
exchangers 251 and 252 are performed under a substantially
constant pressure. The change of the refrigerant at this time 1s
expressed by a line slightly inclined but substantially hori-
zontal as shown from the point d to a 1 FIG. 32 when
considering the pressure loss of the intermediate heat
exchangers 251 and 252.

The low-temperature low-pressure vapor-state refrigerant
flowing out from the intermediate heat exchangers 251 and
252 passes through the three-way valves 261 and 262 respec-
tively and tlow 1nto the first refrigerant branch portion 21. The
low-temperature low-pressure vapor-state refrigerant joining
in the first refrigerant branch portion 21 flows into the com-
pressor 11 through the first extension piping 41, the first
check valve 51, and the four-way valve 12, and 1s compressed
therein.

Since the flow of the refrigerant in the user-side refrigerant
circuit B 1s the same as the cooling operation mode 1n
Embodiment 3, description will be omitted.

(Heating Operation Mode)

Subsequently, the heating operation mode will be
described.

FI1G. 33 1s arefrigerant circuit diagram showing the tlow of
the refrigerant in the heating operation mode of the air con-
ditioning apparatus according to Embodiment 6 1n the present
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invention. FIG. 34 1s a p-h diagram showing the change of the
heat source-side refrigerant in the heating operation mode.

In FIG. 33, piping 1llustrated in thick lines indicates piping
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-d shown 1n FIG. 34 indicate the states of the
refrigerant at points indicated by reference signs a-d in FIG.
33, respectively.

When all the imndoor units 301-304 perform the heating
operation, respective actions of the four-way valve 12, the
three-way valves 261 and 262, the second retfrigerant flow
rate control devices 271 and 272, the opening and closing
device 70, the third refrigerant flow rate control device 63, the
first switching valves 811-814 and the second switching
valves 821-824 of the user-side refrigerant flow channel
switching unit 80, the compressor 11, and the pumps 281 and
282 are the same as the heating operation mode 1n Embodi-
ment 5, and hence description will be omatted.

The tflow of the refrigerant 1n the heat source-side refriger-
ant circuit A will be described. The low-temperature low-
pressure vapor-state refrigerant 1s compressed by the com-
pressor 11 and 1s discharged as the high-temperature high-
pressure refrigerant. The refrigerant compression process of
the compressor 11 1s expressed by an 1sentropic curve as
shown from the point a to b 1n FIG. 34. The high-temperature
high-pressure refrigerant being discharged from the compres-
sor 11 passes through the four-way valve 12, the fourth check
valve 54, and the second extension piping 42 and flows 1nto
the third refrigerant branch portion 23. The high-temperature
high-pressure refrigerant flowing into the third refrigerant
branch portion 23 1s branched from the third refrigerant
branch portion 23, passes through the three-way valves 261
and 262, respectively, and tlows into the intermediate heat
exchangers 251 and 252. Then, the refrigerant 1s transformed
into condensed liquid while dissipating heat to the water
flowing 1n the intermediate heat exchangers 251 and 252,
thereby becoming a high-pressure liquid-state refrigerant.
The change of the refrigerant at this time 1s expressed by a line
slightly inclined but substantially horizontal as shown from
the point b to ¢ 1n FIG. 34.

The high-pressure liquid-state refrigerant flowing out from
the intermediate heat exchangers 251 and 252 flows 1nto the
second refrigerant flow rate control devices 271 and 272.
Then, the high-pressure liquid-state refrigerant 1s restricted
and then 1s expanded (decompressed) 1n the second refriger-
ant tlow rate control devices 271 and 272, thereby assuming a
low-temperature low-pressure gas-liquid two-phase state.
The change of the refrigerant at this time 1s expressed by a
vertical line as shown from the point ¢ to d 1n FIG. 34. The
low-temperature low-pressure gas-liquid two-phase state
refrigerant flowing out from the second refrigerant tlow rate
control devices 271 and 272 passes through the fifth check
valves 911 and 912 and flows into the fourth refrigerant
branch portion 95. The gas-liquid two-phase state refrigerant
joming in the fourth refrigerant branch portion 95 passes
through the second bypass piping 94, and tflows into the heat
exchanger 93. Then, the refrigerant passes through the bypass
piping 62 and the third refrigerant flow rate control device 63
and flows 1nto the first refrigerant branch portion 21 (more
specifically, the piping which connects the first refrigerant
branch portion 21 and the first extension piping 41).

The low-temperature low-pressure gas-liquid two-phase
state refrigerant tlowing into the first refrigerant branch por-
tion 21 passes through the first extension piping 41 and the
third check valve 33 and flows into the outdoor heat
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exchanger 13. Then, the low-temperature low-pressure gas-
liquid two-phase state refrigerant flowing into the outdoor
heat exchanger 13 absorbs heat from the outdoor air in the
outdoor heat exchanger 13, thereby becoming a low-tempera-
ture low-pressure vapor-state refrigerant. The change of the
refrigerant at this time 1s expressed by a line slightly inclined
but substantially horizontal as shown from the point d to a in
FIG. 34. The low-temperature low-pressure vapor-state
refrigerant flowing out from the outdoor heat exchanger 13
flows 1nto the compressor 11 through the four-way valve 12,
and 1s compressed therein, thereby becoming a high-tempera-
ture high-pressure refrigerant. Since the flow of the refriger-
ant 1n the user-side refrigerant circuit B i1s the same as the
heating operation mode 1n Embodiment 5, description will be
omitted.

(Cooling-Dominated Operation Mode)

Subsequently, the cooling-dominated operation mode will
be described.

FI1G. 35 1s arefrigerant circuit diagram showing the flow of
the refrigerant in the cooling-dominated operation mode of
the air conditioning apparatus according to Embodiment 6 in
the present invention. FI1G. 36 1s a p-h diagram showing the
change of the heat source-side refrigerant 1n the cooling-
dominated operation mode.

In FI1G. 35, piping 1llustrated 1n thick lines indicates piping
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-h shown 1n FI1G. 36 indicate the states of the
refrigerant at points indicated by reference signs a-h 1n FIG.
35, respectively.

When the indoor unit 301 performs the heating operation
and the indoor units 302-304 perform the cooling operation,
the degree of the opening of the third refrigerant tflow rate
control device 63 1s restricted. The respective actions of the
four-way valve 12, the three-way valves 261 and 262, the
second refrigerant flow rate control devices 271 and 272, the
opening and closing device 70, the first switching valves
811-814 and the second switching valves 821-824 of the
user-side refrigerant flow channel switching unit 80, the com-
pressor 11, and the pumps 281 and 282 are the same as the
cooling-dominated operation mode 1n Embodiment 5, and
hence description will be omitted.

The flow of the refrigerant 1n the heat source-side refriger-
ant circuit A will be described. The low-temperature low-
pressure vapor-state refrigerant 1s compressed by the com-
pressor 11 and 1s discharged as the high-temperature high-
pressure refrigerant. The refrigerant compression process of
the compressor 11 1s expressed by an 1sentropic curve as
shown from the point a to b 1n FIG. 36. The high-temperature
high-pressure refrigerant being discharged from the compres-
sor 11 passes through the four-way valve 12 and flows into the
outdoor heat exchanger 13. Then, the refrigerant condenses
while dissipating heat to the outdoor air in the outdoor heat
exchanger 13, thereby becoming a high-pressure gas-liquid
two-phase state refrigerant. The change of the refrigerant at
this time 1s expressed by a line slightly inclined but substan-
tially horizontal as shown from the point b to ¢ in FIG. 36.

The high-pressure gas-liquid two-phase refrigerant flow-
ing out from the outdoor heat exchanger 13 passes through the
second check valve 52 and the second extension piping 42 and
flows 1nto the third refrigerant branch portion 23. The high-
pressure gas-liquid two-phase state refrigerant flowing into
the third refrigerant branch portion 23 passes through the
three-way valve 261, and flows into the intermediate heat
exchanger 251. Then, the refrigerant condenses while dissi-
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pating heat to the water flowing in the intermediate heat
exchanger 251, thereby becoming a liquid-state refrigerant.
The change of the refrigerant at this time 1s expressed by a line
slightly inclined but substantially horizontal as shown from
the point ¢ to d 1in FIG. 36. The refrigerant flowing out from
the intermediate heat exchanger 231 1s restricted and
expanded (decompressed) 1n the second refrigerant flow rate
control device 271, thereby changing into a gas-liquid two-
phase state refrigerant. The change of the refrigerant at this
time 1s expressed by a vertical line as shown from the point d
to e 1n FIG. 36.

The gas-liquid two-phase state refrigerant flowing out from
the second refrigerant tflow rate control device 271 passes
through the fifth check valve 911 and flows into the fourth
refrigerant branch portion 95. The gas-liquid two-phase state
refrigerant flowing into the fourth refrigerant branch portion
935 passes through the second bypass piping 94 and flows into
the heat exchanger 93. Then, the refrigerant 1s cooled by the
low-temperature low-pressure reifrigerant flowing in the
bypass piping 62, thereby changing into a liquid-state refrig-
crant. The change of the refrigerant at this time 1s expressed
by a line slightly inclined but substantially horizontal as
shown from the point e to 1 1n FIG. 36.

Part of the liquid-state refrigerant flowing out from the heat
exchanger 93 flows into the bypass piping 62 and 1s decom-
pressed 1n the third refrigerant tlow rate control device 63,
thereby changing into a low-temperature low-pressure gas-
liquid two-phase state refrigerant. The change of the refrig-
erant at this time 1s expressed by a vertical line as shown from
the point 1 to h 1n FIG. 36. This refrigerant flows 1nto the heat
exchanger 93. Then, this refrigerant 1s heated by the refriger-
ant flowing from the second bypass piping 94 and 1s evapo-
rated, thereby changing into a low-temperature low-pressure
vapor-state refrigerant. The change of the refrigerant at this
time 1s expressed by a line slightly inclined but substantially
horizontal as shown from the point h to the point a 1n FIG. 36.

In contrast, remaiming refrigerant which does not flow 1nto
the bypass piping 62 flows into the second refrigerant branch
portion 22. The refrigerant flowing 1nto the second refrigerant
branch portion 22 passes through the sixth check valve 922
and flows 1nto the second refrigerant tlow rate control device
272. Then, the reirigerant 1s further restricted and then 1s
expanded (decompressed) 1n the second refrigerant flow rate
control device 272, thereby assuming a low-temperature low-
pressure gas-liquid two-phase state. The change of the refrig-
erant at this time 1s expressed by a vertical line as shown from
the point 1 to g 1n FIG. 36. The low-temperature low-pressure
vapor-state refrigerant flowing out from the intermediate heat
exchanger 252 passes through the three-way valves 262 and
flows into the first refrigerant branch portion 21. The low-
temperature low-pressure vapor-state refrigerant tlowing into
the first refrigerant branch portion 21 joins the refrigerant
flowing 1n the bypass piping 62. Then, the joining refrigerant
flows 1nto the compressor 11 through the first extension pip-
ing 41, the first check valve 51, and the four-way valve 12, and
1s compressed therein. Since the flow of the user-side refrig-
crant 1n the user-side refrigerant circuit B 1s the same as the
cooling-dominant operating mode in Embodiment 3, descrip-
tion will be omitted.

(Heating-Dominated Operation Mode)

Subsequently, the heating-dominated operation mode will
be described.

FIG. 37 1s arefnigerant circuit diagram showing the flow of
the refrigerant in the heating-dominated operation mode of
the air conditioning apparatus according to Embodiment 5 in
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the present invention. FIG. 38 1s a p-h diagram showing the
change of the heat source-side refrigerant in the heating
operation mode.

In FIG. 37, piping illustrated 1n thick lines indicates piping,
in which the refrigerant circulates. Then, the direction of flow
of the heat source-side refrigerant 1s indicated by arrows of
solid lines, and the direction of flow of water as the user-side
refrigerant 1s indicated by arrows of broken lines. The states
of refrigerant a-] shown in FIG. 38 indicate the states of the
relrigerant at points indicated by reference signs a-1 1n FIG.
37, respectively.

A case where the indoor units 301-303 perform the heating
operation and the indoor unit 304 pertforms the cooling opera-
tion will be described. The respective actions of the four-way
valve 12, the three-way valves 261 and 262, the second refrig-
erant tlow rate control devices 271 and 272, the opening and
closing device 70, the third refrigerant flow rate control
device 63, the first switching valves 811-814 and the second
switching valves 821-824 of the user-side refrigerant flow
channel switching unit 80, the compressor 11, and the pumps
281 and 282 are the same as those in the cooling-dominated
operation mode 1n Embodiment 3, and hence description will
be omatted.

The flow of the refrigerant 1n the heat source-side refriger-
ant circuit A will be described. The low-temperature low-
pressure vapor-state refrigerant 1s compressed by the com-
pressor 11 and 1s discharged as the high-temperature high-
pressure refrigerant. The refrigerant compression process of
the compressor 11 1s expressed by an isentropic curve as
shown from the point a to b 1n FIG. 38. The high-temperature
high-pressure refrigerant being discharged from the compres-
sor 11 passes through the four-way valve 12, the fourth check
valve 54, and the second extension piping 42 and flows 1nto
the third refrigerant branch portion 23. The refrigerant flow-
ing into the third refrigerant branch portion 23 passes through
the three-way valve 261, and flows into the intermediate heat
exchanger 251. Then, the refrigerant condenses while dissi-
pating heat to the water flowing in the intermediate heat
exchanger 251, thereby becoming a liquid-state refrigerant.
The change of the refrigerant at this time 1s expressed by a line
slightly inclined but substantially horizontal as shown from
the point b to ¢ in FIG. 38.

The refrigerant flowing out from the intermediate heat
exchanger 251 1s restricted and expanded (decompressed) 1n
the second refrigerant flow rate control device 271, thereby
changing into a gas-liquid two-phase state refrlgerant The
change of the refrigerant at this time 1s expressed by a vertical
line as shown from the point ¢ to d 1n FIG. 38. The gas-liquid
two-phase state refrigerant flowing out from the second
reirigerant tlow rate control device 271 passes through the
fifth check valve 911 and flows into the fourth refrigerant
branch portion 95. The gas-liquid two-phase state refrigerant
flowing into the fourth refrigerant branch portion 95 passes
through the second bypass piping 94 and flows into the heat
exchanger 93. Then, the refrigerant 1s cooled by the low-
temperature low-pressure refrigerant flowing in the bypass
piping 62, thereby changing into a liquid-state refrigerant.
The change of the refrigerant at this time 1s expressed by a line
slightly inclined but substantially horizontal as shown from
the point d to e n FIG. 38.

Part of the liquid-state refrigerant tlowing out from the heat
exchanger 93 tlows into the bypass piping 62, and 1s decom-
pressed 1n the third refrigerant flow rate control device 63,
thereby changing into a low-temperature low-pressure gas-
liquid two-phase state refrigerant. The change of the refrig-
erant at this time 1s expressed by a vertical line as shown from
the point e to the pointh in FIG. 38. This refrigerant flows nto
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the heat exchanger 93. Then, this refrigerant 1s heated by the
refrigerant flowing from the second bypass piping 94 and 1s
evaporated, thereby becoming a gas-liquid two-phase state
refrigerant with high degree of dryness. The change of the
refrigerant at this time 1s expressed by a line slightly inclined
but substantially horizontal as shown from the point h to the
point 1 1n FIG. 38.

In contrast, remaiming refrigerant which does not flow 1nto
the bypass piping flows into the second refrigerant branch
portion 22. The refrigerant flowing 1nto the second refrigerant
branch portion 22 passes through the sixth check valve 922
and flows 1nto the second refrigerant tlow rate control device
272. Then, the reirigerant 1s further restricted and then 1s
expanded (decompressed) 1n the second refrigerant flow rate
control device 272, thereby assuming a low-temperature low-
pressure gas-liquid two-phase state. The change of the refrig-
crant at this time 1s expressed by a vertical line as shown from
the point e to 11n FIG. 38. The low-temperature low-pressure
gas-liquid two-phase state refrigerant flowing out from the
second refrigerant flow rate control device 272 tlows 1nto the
intermediate heat exchanger 252. Then, the refrigerant
absorbs heat from the water flowing in the mntermediate heat
exchanger 252, thereby becoming a low-temperature low-
pressure vapor-state refrigerant. The change of the refrigerant
at this time 1s expressed by a line slightly inclined but sub-
stantially horizontal as shown from the point f to g1n FIG. 38.
The low-temperature low-pressure vapor-state refrigerant
flowing out from the intermediate heat exchanger 252 passes
through the three-way valves 262 and flows into the first
refrigerant branch portion 21. The low-temperature low-pres-
sure vapor-state refrigerant flowing into the first refrigerant
branch portion 21 joins the refrigerant flowing from the
bypass piping 62, thereby changing mto a gas-liquid two-
phase state refrigerant (point 7).

The low-temperature low-pressure gas-liquid two-phase
state refrigerant flowing out from the first refrigerant branch
portion 21 passes through the first extension piping 41 and the
third check valve 33 and flows into the outdoor heat
exchanger 13. Then, the refrigerant absorbs heat from the
outdoor air in the outdoor heat exchanger 13, thereby becom-
ing a low-temperature low-pressure vapor-state refrigerant.
The change of the refrigerant at this time 1s expressed by a line
slightly inclined but substantially horizontal as shown from
the point 1 to a 1n FIG. 38. The low-temperature low-pressure
vapor-state refrigerant flowing out from the outdoor heat
exchanger 13 tlows into the compressor 11 through the four-
way valve 12, and 1s compressed therein, thereby becoming a
high-temperature high-pressure refrigerant.

Since the tlow of the user-side refrigerant 1n the user-side
refrigerant circuit B 1s the same as that in Embodiment 5,
description will be omaitted.

According to the air conditioning apparatus 1 configured 1n
this manner, the same advantages as in Embodiment 5 can be
obtained. Furthermore, 1n the cooling-dominated operation
and the heating-dominated operation, the heat source-side
refrigerant flowing out from the mtermediate heat exchanger
251 flows 1nto the second refrigerant flow rate control device
272 after having changed into the liquid-state refrigerant.
More specifically, the heat source-side refrigerant flowing out
from the intermediate heat exchanger 251 1s decompressed
(expanded) 1n the second refrigerant tlow rate control device
271, passes through the fifth check valve 911, the fourth
refrigerant branch portion 935, and the second bypass piping
94, and flows 1into the heat exchanger 93. Then, the refrigerant
1s cooled by the low-temperature low-pressure gas-liquid
two-phase state refrigerant flowing in the bypass piping 62,
thereby changing into a liquid-state refrigerant, and flows into
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the second refrigerant flow rate control device 272. Accord-
ingly, the gas-liquid two-phase state refrigerant can be pre-
vented from flowing into the second refrigerant flow rate
control device 272. Therelore, 1n the second refrigerant flow
rate control device 272, the refrigerant can be decompressed
without causing pressure vibrations which are generated
when the gas-liquid two-phase state refrigerant flows in, so
that the state of the refrigerant 1s stabilized. In other words,
the advantages such that the piping vibrations and noise can
be reduced are achieved.

The mvention claimed 1s:
1. An air conditioning apparatus comprising:
a heat source-side refrigerant circuit, the heat source-side
refrigerant circuit including: an outdoor heat exchanger
connected at one end thereot to an end of a compressor;
a first refrigerant branch portion connected to the other
end of said compressor; a second refrigerant branch
portion and a third refrigerant branch portion connected
to the other end of said outdoor heat exchanger via
branch piping; a first refrigerant flow rate control device
coniigured to control the tlow rate of a heat source-side
refrigerant tlowing 1n said second refrigerant branch
portion; a plurality of intermediate heat exchangers each
connected at one end thereof to said first refrigerant
branch portion and said third refrigerant branch portion
via a first refngerant flow channel switching device, and
connected at the other end thereof to said second refrig-
erant branch portion; and a plurality of second refriger-
ant flow rate control devices configured to control the
flow rate of said heat source-side refrigerant flowing
between the respective intermediate heat exchangers
and said second refrigerant branch portion; and
a plurality of user-side refrigerant circuits each includ-
ing: a circulating device connected at one end of a
user-side circuit configured to perform heat exchange
with said heat source-side refrigerant circuit of one of
said intermediate heat exchangers; and at least one
indoor heat exchanger connected at one end thereof to
said circulating device and connected at the other end
thereolto the other end of said user-side circuit of said
one of said intermediate heat exchangers,

wherein said compressor and said outdoor heat
exchanger are provided 1n an outdoor unit,

said first refrigerant branch portion, said branch piping,
said second relfrigerant branch portion, said third
refrigerant branch portion, said first refrigerant flow
rate control device, said intermediate heat exchanger,
said first refrigerant flow channel switching device,
said second refrigerant flow rate control device, and
said circulating device are provided 1n a relay unit,

said indoor heat exchanger 1s provided 1n an indoor unait;
and

at least one of water and an antifreeze solution as the
user-side refrigerant circulates 1n at least one of said
plurality of user-side refrigerant circuaits,

wherein each of said user-side refrigerant circuits
includes a user-side refrigerant flow path portion
installed between said plurality of indoor heat
exchangers and said plurality of intermediate heat
exchangers, wherein said user-side refrigerant tlow
path portion includes a fluid flow switch that switches
the connection of the intermediate heat exchangers to
said plurality of indoor heat exchangers so as to tlu-
1dically connect said intermediate heat exchangers
with at least any of said plurality of indoor heat
exchangers.
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2. The air conditioning apparatus of claim 1, wherein said
outdoor unit includes a second refrigerant flow channel
switching device configured to switch said heat source-side
refrigerant circuit between a circuit which allows said heat
source-side refrigerant being discharged by said compressor
to flow 1nto said first refrigerant branch portion and to flow out
from said outdoor heat exchanger and a circuit which allows
said heat source-side refrigerant being discharged by said
compressor to tlow into said outdoor heat exchanger and to
flow out from said first refrigerant branch portion.

3. The air conditioning apparatus of claim 2, wherein

said outdoor unit includes:

a third refrigerant flow channel switching device having: a
first check valve provided between said second refriger-
ant flow channel switching device and said first refrig-
crant branch portion to allow said heat source-side
refrigerant to flow only 1n the direction of said second
refrigerant flow channel switching device; a second
check wvalve provided between said outdoor heat
exchanger and said branch piping to allow said heat
source-side refrigerant to flow only 1n the direction of
said branch piping; a third check valve provided 1n pip-
ing which connects an 1nlet side of said first check valve
and an inlet side of said second check valve to allow said
heat source-side refrigerant to tlow only on the inlet side
of said second check valve; and a fourth check valve
provided 1n piping which connects an outlet side of said
first check valve and an outlet side of said second check
valve to allow said heat source-side refrigerant to flow
only on the outlet side of said second check valve, and

said relay unit includes:

bypass piping configured to connect said first refrigerant
branch portion and said second refrigerant branch por-
tion; and

a third refrigerant tlow rate control device provided in the
bypass piping.

4. The air conditioming apparatus of claim 3, wherein said
branch piping 1s provided with a gas-liquid separating device
configured to separate said heat source-side refrigerant into a
liquid-state refrigerant and a vapor-state refrigerant,

said liquid-state refrigerant flows into said second refrig-
erant branch portion, and

said vapor refrigerant tflows into said third refrigerant
branch portion.

5. The air conditioming apparatus of claim 1, wherein said
user-side refrigerant circuit 1s provided with a fourth refrig-
erant tlow rate control device configured to control the flow
rate of said user-side refrigerant.

6. The air conditioning apparatus of claim 3, wherein said
fourth reifrigerant flow rate control device controls the flow
rate of said user-side refrigerant on the basis of the tempera-
ture of said user-side refrigerant flowing 1nto said indoor heat
exchanger and the temperature of said user-side refrigerant
flowing out from said indoor heat exchanger.

7. The air conditioning apparatus of claim S, wherein said
fourth refrigerant flow rate control device 1s provided 1n said
relay unat.

8. The air conditioming apparatus of claim 1, wherein said
relay unit and said imndoor unit are able to be separated by
piping which connects said circulating device and said indoor
heat exchanger and a connecting device connecting said
indoor heat exchanger and said intermediate heat exchanger.

9. The air conditioming apparatus of claim 1, wherein said
heat source-side refrigerant 1s a natural refrigerant or a refrig-
erant having a global warming coetlicient smaller than that of
a fluorocarbons refrigerant.
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10. The air conditioning apparatus of claim 1, wherein said
heat source-side refrigerant heats said second refrigerant
without condensing in a supercritical state 1n said intermedi-

ate heat exchanger.

11. The air conditioning of claim 1, wherein said indoor
unit using at least one of the water and the antifreeze solution
as said user-side refrigerant 1s installed 1n a living space
provided on respective floors 1n a building, and said outdoor
unit and said relay unit are istalled outside of said living
spaces.

12. The air conditioming apparatus of claim 11, further
comprising a plurality of said relay units installed 1n shared
spaces provided on the respective floors 1n said building.

13. An air conditioning apparatus of claim 1 comprising: a
heat exchanger provided between said first refrigerant tlow
rate control device and said second refrigerant branch por-
tion; first bypass piping whose one end 1s connected between
the heat exchanger and said second refrigerant branch portion
and whose the other end 1s connected with said first refriger-
ant branch portion via the heat exchanger; and a third refrig-
erant tlow rate control device provided between said heat
exchanger of said first bypass piping and said second refrig-
erant branch portion.

14. An air conditioning apparatus of claim 1 comprising: a
second bypass piping whose one end 1s connected between
said first refrigerant flow rate control device and said heat
exchanger; and a fourth refrigerant branch portion to which
the other end of said second bypass piping 1s connected,

wherein said fourth refrigerant branch portion and said

second refrigerant branch portion are connected with the
second refrigerant flow rate control device via the sec-
ond refrigerant tlow path switch portion.

15. The air-conditioning apparatus of multi-chamber type
of claam 1, wherein

the heat source side refrigerant 1s a refrigerant whose per-

missible concentration of the refrigerant which leaks
into the space 1s determined in an international stan-
dards,
at least either water or anti-ireezing fluid 1s used for the
user-side refrigerant,
the indoor units are installed 1n living space,
the outdoor unit and the relay unit are installed outside the
living space, and

the relay umt and each indoor heat exchanger are con-
nected with two pipes,

wherein the apparatus 1s operable heating and cooling
operations at the same time.
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16. An air conditioning apparatus comprising: a heat
source-side refrigerant circuit, the heat source-side refriger-
ant circuit including: an outdoor heat exchanger connected at
one end thereof to an end of a compressor; a first refrigerant
branch portion connected to the other end of said compressor;
a second refrigerant branch portion and a third refrigerant
branch portion connected to the other end of said outdoor heat
exchanger via branch piping; a first refrigerant tlow rate con-
trol device configured to control the flow rate of a heat source-
side relrigerant flowing in said second refrigerant branch
portion; a plurality of intermediate heat exchangers each con-
nected at one end thereof to said first refrigerant branch por-
tion and said third refrigerant branch portion via a first refrig-
crant flow channel switching device, and connected at the
other end thereof to said second refrigerant branch portion;
and a plurality of second refrigerant flow rate control devices
configured to control the flow rate of said heat source-side
refrigerant flowing between the respective intermediate heat
exchangers and said second refrigerant branch portion; and

a user-side relfrigerant circuit including: a plurality of

indoor heat exchangers; a first switching valve to which
one end of said indoor heat exchanger 1s connected
corresponded to each said plurality of indoor heat
exchangers; and a second switching valve to which the
other end of said indoor heat exchanger 1s connected,
and 1n said user-side refrigerant circuit, one end of a
user-side circuit performing heat exchange with said
heat-source side refrigerant circuit of said intermediate
heat exchanger 1s branched to be connected with said
plurality of first switching valves and the other end 1s
branched to be connected with said plurality of second
switching valves, and
wherein said compressor and said outdoor heat exchanger
are provided in an outdoor unit,
said first refrigerant branch portion, said branch piping,
said second refrigerant branch portion, said third refrig-
erant branch portion, said first refrigerant flow rate con-
trol device, said intermediate heat exchanger, said first
refrigerant flow channel switching device, said second
refrigerant flow rate control device, and said circulating
device are provided 1n a relay unit,
said indoor heat exchanger 1s provided 1n an indoor unait;
and
in said user-side refrigerant circuit, at least one of water and
an antifreeze solution as the user-side refrigerant circu-
lates.
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